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THE STRUCTURE OF REAL CRYSTALS 

By KATHLEEN LONSDALE, D.Sc., F.R.8. 

Rioder in CryttaUo^mpkif in tkt Vniver$Uy of London, Univonliy CoU^gt 

In early days a crystal was defined as a solid bounded by plane 
faces of definite geometrical shapes ; the angles between t!te faces 
wore invariable, they did not change from one specimen to another 
of the same substance, although the sizes of the faces might change. 
Between the different faces on a or3mtal there could be symmetry 
relationships, and it was by means of these symmetry relationships 
that crystals were classified as being tricHnic hemihedml, orthorhombic, 
tnantiomorphic, cubic holohedral, and so on. The optical perfection 
of some faces of some crystals grown naturally in the earth's crust, 
or grown in the laboratory, by slow cooling, slow evaporation or 
slow fireezing from the melt, is so great that even the most skilled 
otraftsman could hardly out and polish faces as toue. 

In nature, however, perfect and complete crystals are rare. 
Recent investigations by Tolansky {Proc. Roy. Soc., 1946, A 184, 
41, iSl, et 04 ) using a most sensitive multiple interferometry method, 
have revealed the existenee of surface irregularities even on the 
most “ perfect " oiystal faces, the steps being only of the order of 
a few Angstrom units, and therefore microscopically invisible. 

But crystals show more than regularity of shape. They show 
a oetrtain regularity also of properties (leaving aside scalar properties 
euoh as temperature or dmisity, wlidoh are uniform by nature). 
ISiey are homogsi^us (that is, their ^operties do not vary with 
txanslatiou in any cUreotion) ; but only cubic crystals are isotropic 
(possessing certain properties which do not vary with rotation). 
The variation of ^ysioal properties, such as dielectric constant, 
ooefBcient of thermal expansion, thermal and electrical cohduot- 
Mtias, mfraetiye index, magnetic susceptibility, with direction, is 
of an orderly nature, however,- even in amsotropio crystals, and is 
thOoretioaliy reproduoitfie from one crystal to anotbmr of the same 

-' IffiTIfi. I'- ' : ' ■ ■ \ ■ 1N»,' I ] I . . : 
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Yet even in thlB respect crystals may l)e, in fact, far from ideal. 
It is not easy, for example, to get consistent results for the thermal 
expansions of rochelle salt single crystals within the temperature 
range — 30° to + 25° C. (Ubbelohde and Woodward, Proc. Boy. 
8oc., 1946, A 185, 453) ; while properties such as strength, breaking 
load, hardness, vary enormously from one crystal to another. 
Diamonds, since they belong to the cubic system, should be optically 
isotropic, but many are not. Of course it is easy to see that the 
presence of impurity and of strain may cause anisotropy or weak- 
ness. Large natural inclusions in a diamond may sometimes even 
cause spontaneous cleavage when temperature conditions change. 
Actually, however, lack of homogeneity can make crystals, par- 
ticularly metal crystals, stronger than ideal crystals would be, by 
preventing glide from occurring as easily as it can do in single 
crystals ; while twinning can cause the simulation of 8)mmetry or 
of optical regularity higher than that which the crystal really 

Even before the days of X-ray crystallography, it was believed 
that the peculiarities of shape and regularity of properties of crystals 
must bo due to a regularity of the arrangement of atoms or mole- 
cules in the crystal. X-ray investigation confirmed this, and has 
given details of these arrangements for nearly all the elements and 
for hundreds, or even thousands, of compounds. It is now possible, 
therefore, to describe a crystal in terms of its atomic architecture, 
and to build a model showing how the plane faces are related to the 
internal structure. X-rays do not, however, show the arrangement 
of the atoms directly, as a microscope shows the structure of a 
beetle’s eye. What is first obtained is the diffracting power of the 
crystal for X-rays under various conditions : crystal rotating, 
oscillating, stationary, etc. ; and the atomic arrangement is deduced 
fir(»n this diffracting power, generally by making use of what is 
known as the reciprocal lattice method. Now it is very difficult, in 
fact, to say which best describes the real crystal: the o^stallo- 
graphio, physical and chemical description of the solid with plane 
faces that can be seen ; a model of the atomic or molecular arrange- 
ment that can only be deduced ; or the diffraction patterns which 
are the observable evidence of the internal arrangement. It is 
rather like deciding which is the real man, when one has a photo- 
graph, a description of character and ability, and a medical report. 
None of them is complete without the rest and all of them together 
am not really complete. They leave out. of account that elusive 
'Uiing, personality. Early X-ray orystalldspraphers were satisfied 
when they had built a model with baUs to represent atoms, or when 
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they could give the dimensioufi of the unit cell and the oo*ordinates 
of the different atoms relative to the crystal axes. They knew, of 
course, that crystals were seldom, if ever, ideal ; but lack of per- 
fection was something to be corrected for rather than to be studied 
for its own sake. This also applied in the later stages of X-ray 
crystal studies, when the objective was a complete description, 
derived from a Fourier synthesis, of the electron density distri- 
bution. It still had to be assumed that the distribution was a 
strictly periodic one, and deviations from regularity, which resulted 
in a blurring of the picture, were ignored as far as possible. 

What deviations from regularity actually exist ? 

There are boundary conditions ; irregularities of crystal texture ; 
static irregularities of structure which may be due to distortion, 
disorder or defect ; and thermal vibration or translation of atoms. 

First of all, then, there is the fact that crystals are not infinite ; 
they have boundaries, and the conditions at or near the boundaries 
must differ from those in the body of the crystal. Not very much 
is yet known about surface conditions, although electron diffraction, 
electron microscopy and optical inUuferometry methods are begin: 
ning to give useful information. Wo can learn something also from 
the way in which crystals can grow on one anotlier. For example, 
in the process of age-hardening of Al-Cu^(and Al-Ag) alloys, studied 
by Preston (•/. Set, Indr., 1941, 18 , 154) there is an intermediate 
stage in which a metastable form of CuAl, grows on the aluminium 
matrix ; and the very existence of this form seems to arise from 
the fact that one of its main faces can fit,” not exactly but with 
relatively little strain, on one of the main faces of the cubic A1 
structure. Sometimes the habit (not the structure) of a crystal 
can be changed, as for example by growing it on another crystal 
as base, or by adding to the solution from which it crystallises 
a small quantity of some foreign substance which does not, how- 
ever, enter tli^e actual oiystal. This kind of control of crystal habit 
has important commercial applications. Crystals of certain shapes 
can pack together conveniently, for transport^ without consolidation 
and without griiiding each other to powder. The toxicity of D.D.T. 
is found to depend very markedly on the size and shape of the D.D.T. 
crystals* Needle-shaped crystals of length 360 /i are twelve times 
as toxic as colloidal I).D.T. (McIntosh, A^oewre, 1946, 158 , 417). 
X*ray studies have shown that red and yellow CugO are identical 
except ibr, crystallite size* But red and yellow PbO have quite 
different structures. 

Crystallite size and shape can both be measured, to a certain 
extent, by electron microscope studies, by low angle scattering of 
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X-raya, and by X-fay diffraction methods. In X-rAy powder 
photographs, small crystallite size causes a broadening of the powder 
lines, the broadening varying with the line considered if the crystal- 
lites are not spherical. In rotation or fibre photographs it causes an 
extension of size of the diffraction spots. The powder method is 
used mainly for approximately spherical crystals, such as those of 
catalysts, whose sizes lie within the colloidal range, less than 100 A.U. 
linear dimensions. Elongated crystallites occur in many natural 
fibres, such as wool. In crystals of either of these two classes, 
catalysts or fibres, the relative amount of mrface for a given weight 
of substance is a fundamental proi)erty. It may seem curious to 
speak of wool as crystalline when we remember the definition given 
at the beginning of this article, but our present definition of a 
crystalline substance is that it should have an atomic arrangement 
whose time average shows spatial periodicity in one, two or three 
dimensions over at least two or three “ repeats.” Even single 
crystals, although they may show excellent faces, are usually not 
“ single ” at all ; they are a conglomerate of crystallites of linear 
dimensions 10~* cm. or less. Sometimes these crystaUites are 
parallel to each other, but discontinuouB ; sometimes they are 
disorientated by a few minutes or even degrees, although each 
crystallite may be perfectly regular in its own internal structure. 

Not only size, then, but arrangement of the crystallites is import- 
ant. In cotton hairs the component crystallites form a s^firal 
structure, with their lengths inclined at a roughly constant ai^e 
to the fibre axis. Spiralling and other distortion of the crystallites 
often result in the drawing out of the diffraction spots on rotation or 
fibre photographs into arcs. Laue photographs of so-otdled “ single ” 
crystals often reveal spiralling, which in this case results in a tilting 
or focusing of the spots (Lonsdale, Min. Mag., 1946, 27, 112), but 
other conditions of texture or distortion give asterism, that is, radial 
extension of Laue spots. Orowan (Nature, 1941, 1«48, 467) hasi 
described a way in which fragmentation may be distinguished fobm 
looid lattice curvature by means of the shapes of spots on rotation 
photographs ; but the whole question of crystal texture is one that 
is most difficult to study. Large-scale irregularities can be detected 
by ionisatimi spectrometer “ sweep curves/* as described by James 
(Z. KriataUogr., 1934, 89, 296) and Robinson (Proc. Roy. Soe., 
1933, A 142, 434), but it is always difficult to teff whether there is 
disorientation of small perfect crystaUites, or an actual bending and 
distortion of crystal planes. 

One curious oonseijuenoe of crystal imperfection, however caused, 
was appreciated very early hi the history ef X-ray crystallography. 
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That is the fact that the total reflection from perfect crystals is 
much less, perhaps even thirty times less, than that from mosaic 
crystals or from the same weight of small individual orystalUtes. 
“ Extinction,” as it is called, is a measure of crystal perfection ; it 
was carefully studied by early crystallographers in order that it 
might be possible to determine what part of the crystal diffraction 
of X-rays was due to the actual electronic scattering. Two kinds 
of extinction were recognised. Primary extinction occurs in crystals 
where perfection of structure extends over more than about 10“* 
cm. linear dimensions and is due partly to the fact that the angular 
range of reflection is very small and partly to a destructive inter- 
ference of multiply reflected and transmitted waves which are 
opposite in phase to each other, so that reflection is effectively oon- 
flned to surface layers only. Secondary extinction occurs even in 
mosaic crystals, where the crystallites are 10~* cm. or less in size, 
and is due to the fact that when reflection has already taken place 
in the upper layers of a crystal, the X-ray beam .incident on the 
lower layers is reduced in intensity, and the total reflection from the 
lower layers is therefore decreased. But secondary extinction must 
vary with the kind of mosaic structure that exists. If the cr3r8tal- 
lites in a single crystal are parallel, though discontinuous, there Avill 
be internal multiple reflection that will redirect energy into the 
incident beam, but without the phase-relationships that cause 
destructive interference. In that case the secondary extinction is 
less than it would otherwise have been, particularly for strongly 
reflecting crystal planes. These differences of extinction can be 
studied by investigating not merely the X-ray reflections from 
single crystal planes, but also the X-ray absorption. If a divergent 
l)eam of X-rays is incident on a single crystal of suitable size, the 
pattern (Fig. 1, Plate I) recorded on a film on the opposite side of 
the crystal will consist of white lines on a grey backgroimd, the white 
(absorption) lines marking the directions where Bragg reflection has 
diverted energy from the incident divergent beam and has inoieased 
the effective absorption. The appearance of these divergent beam 
absorption photographs is quite different for crystals of the same 
substance but of different textures (Lonsdale, Phil. Trane. Roy. 
Soc., in the press). This kind of study has also shown that vari- 
ability of spacing, in single, crystals of diamond, is small, even when 
there is marked distortion, resulting in variation of crystallite 
orientation. Differences of spacing are best revealed by the high 
angle iTefleotions ; if such (Mfferenees exist, the reflection or absorp- 
tion lines corresponding to high orders will be broader than those 
for low orders.; this is not the ease to any marked extent. Studies 
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of different diamondR have shown, however, that quite large differ- 
ences of mean spacing, of the order of 1 in 10,000 (seven times eis 
large as the experimental error) exist between one diamond and 
another, presumably due to the presence of impurities, small in 
quantity but well-distributed, which expand (or contract) the lattice 
as a whole. Such impurities, although they do not cause a marked 
variation of spacing within a single crystal, must certainly, however, 
introduce local irregularity or distortion. 

Such local distortions will be even more widely spread in the case 
of various kinds of disordered and defect lattices, evidence for the 
existence of which has been gradually accumulating over the past 
fifteen years. In 1932 Barth and Posnjak (Z. Kristallogr., 82, 325) 
pointed out that in certain spinels, wliose formula would ordinarily 
be written ABg 04 , half of the B and all the A metal ions were 
randomly distributed in the cation positions which in normal 
spinels would be occupied by B ions alone. The correct way of 
writing the formula of such spinels would be B(A,B) 04 . This is 
one t 3 rpe of disordered structure in which all the atomic positions 
are filled but, in some cases, randomly filled. A random arrange- 
ment of this kind is, of course, almost inevitable in a mixed crystal 
of say (K,Na)Cl, where the metal ions need not be present in any 
simple ratio, and where they randomly occupy the cation positions 
in the rock-salt type of structure. But LijFeiO* and LijTiOs 
also each crystallise in a (not very stable) rock-salt lattice, the unit 
cell containing 4 metal and 4 oxygen atoms only. The arrangement 
of the metal ions must therefore be quite random, in spite of their 
simple numerical ratio and in spite of their different valencies ; each 
cation surrounds itself by six O ions without being influenced by the 
metal ions lying beyond. Both these compounds can form mixed 
crystals, of the rock-salt type, with each other and with MgO, which 
also has the rock-salt structure. It seems to be rather a question 
of ionic aize. as to whether such random structures are possible or 
not. NaBiSj and KBiS 2 each have an averaged rock-salt structure, 
but KFeS, and NaCrS, have not (Boon, Bee. Trav. CMm. Paya-Baa, 
1944, 63, 32; Boon and MacGillavry, ibid., 1942, 61, 910). 
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As the table shows, the difference in radii of K amd Fe or of Na 
„ and Or is large, evidently too large for the ions to be interchangiiable. 
An increasing number of these random structures, some of them 
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quite complicated ones, are now being found. One of the moat 
interesting is that of Fe(CNCH3)*.Clj.3H,0, examined by Powell 
and Bartindale (J. Chem. Soc.,- 1945, 799). Chemical analysis 
showed without doubt that there are 2 Cl atoms and 3 HgO groups 
present in each molecule, but a direct Fourier synthesis showed the 
apparent presence of 2 H,0 and 3 Cl. Closer examination, however, 
made it clear that the “ Cl ” peaks are too low ; actually, they each 
correspond to (fCl -f- JH,0), because 2 Cl atoms and one HjO 
group, which are approximately of the same size, are randomly 
distributed in three crystallographically equivalent positions. 

Random or disordered structures are, of course, common in 
alloys composed of pairs of atoms (such as Ag and Au) which are 
of similar size, when they are cooled quickly from the melt ; although 
the most recent investigations of Guinier (Proc. Phys. Soc. Land., 
1946, 57, 310) indicate that complete disorder never exists, but that 
there is always a tendency for atoms of one kind to surround them- 
selves by atoms of another land (see also J. A. Wasastjerna, Soc. 
Set-. Fenn. Comm. Phys. Malh., 1946, 13, (5), 1). 

Another sort of disordered structure, which must certainly intro- 
duce large local strain, is that in which some cation or anion positions 
are vacant, although the crystal as a whole is electrically neutral. 
The mineral pyrrhotite rarely has the exact composition FeS ; there 
is always a small excess of S, which can form up to 66-6 atomic 
per cent, of the compound. This is, in fact, due to the absence of 
some ferrous ions from the structure and the presence of a smaller 
number of ferric ions to maintain the electrical balance. The struc- 
ture of yAljOj and yFcjOj is ev(»n more extraordinary, for these 
two oxides can form structures of the spinel type, with 32 oxygen 
ions in the unit cell, but with an average of one out of every 9 cation 
positions vacant, giving (for yFe,0*) a statistical 21 J ferric ions to 
occupy 24 metal sites. The result is that normal spinels can take 
up in solid solution any quantity of this form of AlgOs or Fe,Oa. 
forming mixed crystals in which some metal sites are vacant. 
Mixed crystals with some vacant sites must also result from the 
solution of Mg€l| in LiCl, or of CdCl, in AgOl. Every Cd*'*' ion 
that goes into the lattice leaves a vacant Ag position and, incident- 
ally, enormously increases the electrical (ionic) conductivity. That 
electrolytic conduction occurs in ionic crystals at all must mean 
that ions can move through the lattice under the influence of an 
applied field, and this is due, in part at least, to the oceasional 
existence of “ holes ” in the lattice resulting from the displacement 
of the ions that formerly occupied that space, as Dr. Bowen explained 
in his aatide on “ Physical States of Aggr^ation ” (Soibnob Peo- 
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OKBSS, 1946, 34, 477). But these accidental holes are rare ; even 
near to the melting-point the fraction of displaced atoms or ions is 
only 10“*. The vacant sites which we are now discussing are an 
integral part of the real structure of the crystal. They exist because 
the number of available atoms is not sufficient to fill edl the available 
equivalent positions at once. Examples can be multiplied. The 
low temperature form of AgeHgl 4 , which is yellow, becomes cubic 
at about 60° C. and turns red. In the cubic form there are two Ag 
atoms and one Hg atom statistically ocoup 5 dng 4 equivalent positions 
in the unit cell ; on the average one out of every 4 cation positions is 
vacant. The high temperature form of Agl is also a defect struc- 
ture, with an ionic conductivity which is higher even than that of 
molten Agl. In fact, although the I positions form a comparatively 
rigid body-centred cubic lattice, the Ag atoms are so mobile that 
they may be said to exist as an interstitial liquid within the frame- 
work of easily deformed I atoms. 

Even in structures, such as NaCl itself, where all the atomic 
sites are filled, and filled in an orderly fashion, a certain randomness 
of structure is introduced by the thermal vibrations of the indi- 
vidual atoms about their mean, regular positions. Early X-ray 
crystallographers were able to measure the average amplitudes of 
vibration at different temperatures and they found that, in general, 
metal atoms are more loosely bound in the lattice than the anions 
(halogen, oxygen, etc.) which interleave them. They could also 
show that even at absolute zero there was a probable displacement of 
atoms from their average positions (zero-point energy). More 
recently, in carrying out the analysis of crystal structures, it has 
beCTi found that only by the assumption of an anisotropic heat 
vibration of atoms or molecules can agreement be obtained between 
calculated and observed intensities of reflection in certain cases* 
This applied, for example, to the structure of melamine, in which flat 
molecules vibrate strongly in a direction normal to their plane 
(Hughes, J. Amer. Chem. Soc., 1941, 63, 1737). 

During the last seven years, the study of the diffuse X-ray 
scattering outside the Bragg reflecting positions has made it possible 
to measure not just the average amplitudes of vibratioiii, but tbe 
actual amplitudes in different directions for vibrations of different 
pcflarisation and frequency. The study of these thermal vibrations 
is important, not only because they are universal, but also because 
they give iifformaticm about the fmces binding the atoms or mole- 
cules together. If the forces between the atoms are strong and 
kwhropie, as in diamcmd or tungsten, then the tfaermsd vibrations 
will be small and isotrc^o also. The forces between the atoms are 
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themselves related to the elastic constants of the crystal as a whole, 
that is, to the ratio of stress/strain for different kinds of strain. In 
soft metals such as Na, Li or Pb the elastic constants are small, that 
is, a small force will produce large distortion ; the interatomic forces 
are therefore small and the thermal vibrations large, and not only 
large but extremely anisotropic. In some directions, in fact, the 
vibrations are so large that atoms can easily “ break loose ” and 
wander through the lattice. Hence the markedly temperature- 
dependent self-diffusion phenomena in Pb, which can be traced by 
labelling certain atoms with radio-activity, and hence also the 
diffusion of one metal through another that takes pleuje when the 
two are placed in close contact. A recent example of such diffusion 
is found in the carburisation of tungsten, which apparently takes 
place not by diffusion of carbon along the grain boundaries, but by 
diffusion of carbon atoms through the tungsten-carbide lattice to 
the tungsten-tungsten-carbide interface (Pirani and Sandor, J. Coal 
Research, 1946, June, p. 54). 

The diffuse X-ray scattering caused by the thermal vibrations 
is best studied either by means of the ionisation spectrometer, or by 
well-exposed X-ray photographs of stationary single crystals taken 
with radiation containing a strong monochromatic component. 
Superimposed on the ordinary Laue photograph of sharp spots given 
by the white radiation is a diffuse pattern having the same symmetry, 
but otherwise very dissimilar, given by the charaoteristic radiation. 
In order to study this diffuse pattern in more detail, monochromatic 
radiation can be used, eliminating the Laue pattern altogether. 
Just as the average arrangement of atoms can be deduced from the 
ordinary diffraction patterns, so the vibnUUma of the atoms can be 
derluced from the diffuse patterns. This is only possible because 
the thermal vibrations are so slow relative to the X-ray frequencies 
that to the incident X-rays the structure is an ordered arrangement 
with, superimposed upon it, a large number of stationary waves 
(the plane waves into which the atomic displacemente can be 
resolv^). A single diffuse photograph ” takes acoouht of only 
a few of these waves at a time, but by suitably adjusting the crystal 
orientation it is possible to study just those sets of waves that are 
most interesting. Quite general considerations of lattice forces tell 
us that in layer stmotures, such as graphite or hexamethylbenzene, 
the atomic movements will take place most easily in directions 
normal to the layer planes. They can be resolved either into longi- 
tucbnsl vibrations travelling normal to the layer planes or into 
transverse vff>rations travelling parallel to the layer planes or into 
waves, nentfaer longitudinal nor transverse, travelling in other (hceo- 



10 


SCIENCE PROGRESS 


tions. These large atomic movements give rise to a large, intense, 
elliptically shaped diffuse reflection in the neighbourhood of the 
Bragg reflection from the layer plane (Fig. 2, Plate I). 

In chain structures, on the other hand, the atoms cannot move 
along the chain direction except witli great difficulty. It is known 
(Muller, Proc. Roy. 8oc., 1941, A 178, 227) that the compressibility 
of long-chain paraffins along the chain length is negligibly small. 
This means that longitudinal vibrations travelling along the length 
of the chain are forbidden (and fiome transverse vibrations travelling 
perpendicular to the chain length also). The diffuse scattering 
associated with planes normal to the chain length takes the form of 
long, thin streaks (Fig. 3, Plate II). Jahn (Proc. Roy. Soc., 1942, 
A 179, 320) has calculated, in an easily apjflied fonn, the relation- 
ship between the shape of the diffuse scattering regions and the 
elastic constants of cubic crystals, and his formula has given excellent 
agreement for such crystals as K^l, NaOl, metallic Na, Li, Pb, W. 
The kind of thermal vibration.s that take place in complex struc- 
tures, however, include not only those that are Ciontrolled by the 
quasi-elastic forces within the lattice, but also vibrations (usually, 
but not always of small amplitude) in whicli groups of atoms rhyth- 
mically alter their configuration in the lattice framework. Lely and 
Bijvoet (Rec. Trav. Chim. Pays-Bm, 1944, 63, 39) have shown, for 
example, that the CN groups in NH^CN oscillate in the diagonal 
planes of the tetragonal structure. Since the high-temperature, 
cubic forms of NaCN, KCN, RbCN and CsCn all have very liigh 
symmetry (Lely, Thesis, Utrecht, 1942), the first three having struc- 
tures of the NaCl and the last of the CsCI-type, it follows that the 
ON groups must have the same symmetry as the 01 ion. This is 
possible either by isotropic rotation of these groups, or by statistical 
distribution over a number of preferred positions (or over every 
possible orientation). It is very tempting to assume that it must be 
a rotation, which could be the final result of an oscillation of greater 
and greater amplitude. In some cases there almost certainly is 
such a rotation, but the evidence for the onset of rotation comes 
rather from changes in physical properties than from a unique 
interpretation of X-ray intensities. Zemike (Ned. Tijdschr. Nattmr- 
kund., 1941, 8 , 66) has pointed out that in the case of NH4CI the 
right value of the entropy is obtained if it is supposed that at the 
transition point there is an order-disorder change in the orientation 
of the revolving NH, groups. Perdok (Thesis, Groningen, 1942) 
believes the same to be true of the transitions of the organic crystal 
G(SCH,)|, which has three modifications, a piezo-electric tetri^onal 
form I, stable below 23'2° C. ; an apparently body-centred, oentro- 
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symmetrical tetragonal form II, stable between 23-2° and 45'6° C. ; 
and a body-centred cubic form III, stable from iS-S® C. to the 
melting-point, es-?” C. He suggests that in form II the body- 
centring and centro-symmctry are both simulated by the statistical 
co-operation of a large number of unit cells, and shows that although 
both in II and III different molecular configurations must co-exist, 
there would be steric hindrance of an isotropic rotation of the 
molecules. Both these modifications are so plastic that although 
they give crystalline X-ray diffraction, they behave in some respects 
almost like liquids. There must be large thermal vibration, but 
this consists in a concerted jump of atoms from one preferred mole- 
cular orientation to another. 

It is interesting to find that Pauling ‘ {Nature of the Chemical 
Bond, 1^46, pp. 302-3), from entropy considerations, postulates that 
in ice there is not one molecular arrangement (which would mean 
the existence of a larger unit cell than that found by X-rays, which 
can only place the oxygen atoms) but a continual changing from one 
molecular configuration to another of equal energy, so that the unit 
cell of ice is statistically smaller than it would be if instantaneously 
isolated. The diffuse scattering of X-rays by ice is remarkable 
(Fig. 4, Plate II) ; it is certainly of thertnal origin, for it disappears 
at low temperatures, but it cannot be explained simply in terms of 
the elastic constants of the orjrstal, and it may well be associated 
with the changes of molecular configuration indicated by the magni- 
tude of the entropy (Lonsdale, Nature, 1946, 158, 682). 

Certain kinds of diffuse or non-Laue scattering, however, are 
not due to thermal vibration, but to some static periodicity in the 
structure. An example of this occurs during the heat-treatment of 
the alloy of approximate composition Cu^FeNi,, where at one stage 
there is an approximately sinusoidal variation of lattice spacing 
(Daniel and Lipson, Proc. Roy. Soc., 1943, A 181, 368). Other 
X-ray evidence shows that in some structures, such as that of 
hexagonal Co, “ mistakes ” occur in the pattern in an approximately 
regular way, the structure being cubic instead of hexagonal for two 
or three planes in every ten or so ; while graphite from many sources 
is found to contain a fairly uniform 14 per cent, of a different graphite 
modiftoation as well as some 6 per cent, of a random arrangement of 
graphite layers. There are differences in certain physical properties 
{e.g. infra-red and ultra-violet absorption) m between some diamonds 
and others which, although associated with differences of texture, 
may also have some further structural origin which is not yet fully 
understood. The structure of real crystals almost certainly intro- 
duces many such problems for future investigation. 



characteristics of instinctive 

BEHAVIOUR AS ILLUSTRATED BY THE 
SCARAB^IDiE 

By E. S. RUSSELL. O.B.E., DBc.. F.L.8. 

In order to make clear the main oharacteristios of instinctive be- 
haviour I propose to take as a tjrpical example the behaviour of the 
dung beetles of the genus Scar^mua. Their behaviour has been 
very fully and carefully observed, first by Fabre over a period of 
nearly forty years, and later by R. Heymons and H. von Lengerken 
(1929), who have added to, corrected, but in the main confirmed 
Fabre’s results. 

The scarab is diurnal in its activity, a creature of warmth and 
the south* at its liveliest in the hot sun and not occurring in colder 
climates. In the evening it goes to ground, not to emerge again till 
the morning waims up. It is primarily the scent of dung that 
rouses it to activity. Fabre describes vividly how the deposit of 
mule or sheep dung attracts to it all the scarabs in the vicinity, 
both those that are wandering around, and those that are buried in 
the sand near by. Only the scent of dung, perceived tiirough the 
lamellated antennae and, when near, tluough the maxillary palps, 
arouses the attention of the scarabs and provokes a search for this 
their exclusive food. They seek it with widely spread antennae 
and when close go straight towards it. The smell of dung is, in 
fiact, the one sensory perception that has food meaning or food 
" valence ” for the dung-beetles in general. Our common Oeotrupea 
behaves just like Scarabeeua, scenting the breeze for a whiff of dung. 
To leeward of the dung it may smell it even 4 metres away ; to 
windward it must be within about 50 cm. to perceive the smell 
(Warake, 1981). It: has been shown by Wamke that ammmiia, 
skatol and indol, in that order, exercise a similar attraction to dung, 
of which they are, of course, constitumits. 

In the South of France and in Italy, where the observations of 
Fahm and the two German investigators were made, the scarabs 
utilise for food the dui^ of various, chiefly herbivorous, m ammalk — 
sheep, cow, home, mule and others ; even human excrement is 
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used. Aooordmg to Heymons and von Lengerken sheep diing is 
the favourite, especially when fresh and moist. It is oharacteristio 
of the scarabs that they do not, or very rarely, eat the dung on 
the spot, though they may suck moisture from it. Their instinctive 
drive is to make it up into balls which they hastily roll away and 
bury. By so doing they act as efficient scavengers ; the sanitary 
value of their operations in the crowded lands of the Bast has been 
especially emphasised by Kingston {1923). 

The process of shaping the ball is a very interesting one. The 
ball does not owe its spherical shape to the fact that it is trundled 
for some considerable distance over the ground ; it is moulded into 
a sphere on the spot, before it is moved. Two methods are employed 
according as the material is sheep dung or cow dung. With the 
first, a pellet of dung is seized and held throughout the whole oper 
ation, the beetle pulls towards it another pellet, splits off a piece 
and moulds it to the first, working the whole mass into a sphere. 
This process is repeated several times, so that the final product is 
a large ball containing in its centre the original pellet, surrounded 
by ooncentric layers of dung derived from other pellets and moulded 
over the first. The ball is not rotated during these manipulations ; 
it is rounded and smoothed off below by pushing the head in from 
all sides. 

If the ball is made from a cow pat, the scarab proceeds in a 
different way. Delving in with its head and scratching out with 
its fore legs, it moulds near the edge of the pat a hemisphere of 
dung, suiTounded by a oirouleu' rim. It then outs in under and ah 
round the half-formed sphere, using its wedge-like head, so com- 
pleting the sphere, and finally eutting it free from the pat. The 
ball is completely shaped before it is rolled away. In addition to 
the wedge-shaped head, Nature has provided the tools for the job 
of rounding off the boll in the specialised shape and- structure of 
the middle and hind pairs of legs. The lattnr, particularly, are very 
long and curved. In both, but especially in the hind pair, the 
fomur has a sharp edge on its posterior margin, hollow^ oiit in 
a fiat curve. This acts as a scraper, while the legs move over and 
around fdie surface of the growing ball. Each pair of legs may be 
likened to a pair of callipers with bent arms, and when they ore 
extended they cover a hemispheriotd space of a definite size. It is 
this natural span that normally determines the size of the ball, 
for when the growth of the ball> has stretched its 1^ to their foil 
extent the beetle readhes the normal terminus or end-state of its 
labours' and ceases its modelling work.- Each diffbrent species -has 
its bum oharacteristio mean size of ball; oorrespooding to the spsai 
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of its legs. But oircumstanoes or, better expressed, the “ situation,** 
may bring it about that the scarab rests content with a smaller 
ball than normal or even one that is irregularly shaped. This is 
liable to happen if there are many competitors working near by, 
or if the dung is hard and dry. Sometimes they will roll away a 
single pellet of sheep’s dung, or a lump composed of a number of 
pellets, without moulding them into a ball. In their collecting 
they always give the impression of haste, as if to get their supply 
safely away as soon as possible from their neighbours. The domin- 
ating impulse is to move a supply of dung away from the heap and 
bury it some distance off. Normally and typically the dung is first 
moulded into a ball, which can be reiidily rolled away, but on 
occasion they may move away and bury even a shapeless piece of 
dried dung. An instance is described by Heymons and von Lenger- 
ken (pp. 536-7). A scarab, coming across a small piece of dry 
dung that could not be shaped into a ball, tried hard to remove it, 
propelling it a little way, using not only its hind legs in the usual 
manner but also pualiing it with its liead and finally burying it at 
no great distance. There is, it will be seen, a fair amount of vari- 
ation of the rolling and burying routine, in response to varying 
circumstance. 

The biological purposes served by the hasty transport and 
burying of the ball appear to be its rescue from the competing dung 
beetles of several kinds which swarm to the feast, and the protection 
of the ball from drying up in the hot sun. 

In rolling the food ball away for future consumption the scarab, 
which may be either a male or a female, normally progresses back- 
wards, propelling the ball along the ground by strokes delivered by 
its mid and hind legs. It usually buries the ball fairly near by, 
but may go as far as 8-15 metres before interring it* In its course 
it often comes up against obstacles and shows great persistence in 
tiying to overcome them, working at the task for hours. If the 
ball gets stuck in vegetation the scarab may get under it and heave ; 
if the ball is up against an impassable obstacle or falls into a hole 
from which it cannot be retrieved, the beetle may bury it where it 
lies. Scarabs in a terrarium try for hours to push the hdll through 
the glass wall — an obstacle of which they have no experience in 
natural conditions. In general, according to Heymons and von 
longerken, ScmabmiSi while persistent in its efforts, shows little 
understanding of the obstacle-situations which it encounters, and 
its suocesB in circumventing them is largely a matter of^ohanoe. 
Both Fabre and Hingston (1988), however, have shown that nScam- 
tod tlj^e i allied genus Oymnopleurm can sometimes cope effect- 
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ively witli unusual diffio'ilties, as when the experimenter pins down 
their ball to the ground or suspends it just above their head. It 
is clear that the dung beetles show that important charaoteristie 
of behaviour which Lloyd Morgan called “ persistency with varied 
effort,” an(J to which Stout (1913) often refers in his masterly 
account of instinct from the psychological jx)int of view. 

Of Oymnopleurua, which is also a roller of balls, Hingston (1923) 
in India has made the interesting observation that they maintain 
unswervingly a constant direction in moving their ball away from 
the source of dung ; each beetle, or more usually pair of beetles, 
persists in the direction in which it has set out, and if diverted from 
its course by the observer reverts unerringly to it. The result 
appears to be a maximal radial dispersion of the balls. While 
trundling its ball away, the scarab is frequently attacked by one 
of its own kind, which tries to take possession of the ball. Fights 
arise only in tliis way, and they take place only between beetles 
of the same sex, never between a male and a female. When 
approached by another scarab, the owner of the ball, holding on to 
it, smells the oncomer with its antennae, especially at the dorsal 
integument in front of the mosothorax, and if it is of the same sex 
%ht8 and, if possible, repels it. Bex is recognised by smell. If 
a female rolling a ball is approached by a male she recognises him 
as such and leaves the ball for him to roll, following close behind it. 
A female finding a male trundling a ball follows him at a distance 
of 2-3 cm. ; he may stop and smell at her. Sometimes she sits on 
the ball, or she may walk forward holding on to it, appearing thus 
to help him. But according to Heymons and von Lengerken there 
is little or no mutual aid between the pair. It is the ball that the 
female is interested in, for if it is taken from him she ceases to 
follow if the male is removed, the female takes possession of, and 
trundles, the baU. The dung sphere is the only bond between them, 
while they are engaged in food -getting activities. > <||t 

Scarabmta does not know “ its own ” ball and will readily accept 
any other’s, even if it be of a different size from its own. The ball 
is recognised solely by its smelL The beetle will accept balls made 
of other material, provided they smell of dung. For example, 
Heymons and von Lengerken found that while the scarab woifid 
pay no attention to suitably sized balls composed of dried fragments 
o£ Poaidonia ia marine plant allied to ZosUra or eel-grass), if these 
balls were smeared with firesh dung the beetle would roll them away 
and bury them. The scarab might stop on the way and smell the 
ball all over until it came across the dung smeaci when it Vould 
resume its task. Leaden bullets sewn up in cloth and siqeared 
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dung won also accepted and rolled away, with difficulty ; 
sometimes they were buried. A chestnut which had been in oonti^ 
with dung was treated in the same way, and so were little pieces of 
wood similarly oontaminated. The beetles naturally had great 
difficulty in rolling the bits of wood, and sometimes used the alter- 
native method of shoving them along with their head^ — as did the 
beetle that tackled a piece of dried dung (p. 14 above). 

While the burying of the ball can be carried out independently 
by a single male or female, it is usual for a pair to be concerned, 
when the male does the digging, while the female sits on the ball or 
rests near by. If the female is removed, the male pays no attention 
but goes on burying. If the male is taken away, the female takes 
charge of the ball and buries it either on the spot or some distance 
away. If the ball is removed, male and female go off separately to 
look for more dung. The bond between male and female is there- 
fore very slight, and it is not individual, any male serving as tem- 
porary partner for any female. 

There are two methods of burying tiie ball ; either a hole is dug 
alongside and the ball rolled into it, or the soil is excavated directly 
below it so that it sinks into the burrow. The completed burro’^ 
is a curved tube which may extend a considerable distance below 
ground. The dung boll is thus kept fresh and moist, and, according 
to Hefmons and von Lengerken, free from fungal growths. After 
the bi^ is buried, it is eaten up by its owner or owners. Such in 
brief is the story of the food-getting and food-storing activities of 
Seeerabteiua. 

But dung balls ato also made and buried for another biol^oal 
purpose, the provision of food for the larva. These balkr look 
exactly the same as the food balls, but they aie prepared, ToUed away 
and buried by the female alone. <They do not contain an egg, m is 
soioatinies stated by earlier writers, including Stout.) They are 
mgie of sheep dung exclusively, if this is available. The burrows 
•qoiMtruoted'for their reception differ from the food burTOw in that 
iblie female hollows out at the bottom a large smooth-walled chamber, 
hi whaoh she reshapes the ball into a pear-shaped structure destined 
toireoedve her egg and to provide nutriment for the develbping larva. 
As dheady indiOated, the “ peur ” k normally composed of idieep 
dung, but tiik is not absolutbly essential, for it has been noted by 
’Bciyxnotts and von Lengrarken (p. Sd5) that a female loriroU 
at her disposal oiily eoW dung, construoted the lamd pehr of 
tliisi material and the larva developed successfully. > 

i ' 'The oonstruetion of the pear has been described by Faibre' |¥). 
Somstimtestbe fmnale dispenses with the shaphag of a iMJl and bt^s 
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on the spot a mass of soft sheep’s dung, constructing a brood chamber 
and shaping the pear directly from the shapeless heap. Normally, 
however, the pear is modelled in the brood chamber from the ball, 
retaining on its surface the sand and earth which the ball has picked 
up while being rolled over the ground. Occasionally the female 
breaks up the ball into fragments and refashions the pear from 
these, when the pear has a smooth surface. The pear at first is 
spherical, then the female hollows out on top a shallow crater sur- 
rounded by a turned-over rim. The rim is later extended and 
closed in to form the narrow end of the pear, enclosing a small 
chamber in which the egg has alimdy been laid. The wall of the 
egg-chamber is carefully smoothed ; the large egg hangs from the 
top, which has been closed by a rather loosely constructed stopper, 
probably allowing some access of air. The kneaded outer surface 
of the pear is hard, forming a sort of shell, which protects the inner 
mass of dung from drying up. The completed pear, which always 
stands vertically and does not lie on its side, as Pabre supposed, 
bears a curious resemblance, functionally, to the egg of a bird, as 
Pabre was not slow to point out. “ The pear of Scarabteus,” he 
wrott3, can be compared with a hen’s egg. Its shell is the hardened 
outer layer which prevents too rapid desiccation ; its nutritive store, 
its yellow or yolk, is the noble ball protected by its rind ; its air 
chamber the terminal cell, the uest in which lies the egg bathed all 
round by air ” (V, p. 40). 

The female never eats any part of the pear, and when she has 
finished making it she leaves the burrow and collects material for 
another pear. The female is persistent iu her task of making the 
burrow and provisioning it. Four times Fabre destroyed the burrow 
destined for the pear, and four times she re-made it, re-burying the 
ball of dung or the half-formed pear. But when she has ciompleted 
her work and laid her egg, the pear loses all meaning or valence for 
her ; if it is exhumed and laid beside her she pays no attention to it 
but departs. The immediate goal or terminus of her work has been 
reached and she passes on to the next task. As Fabre aptly puts it, 
speaking of instinct in general, “ the work to be done is everything, 
the work done no longer exists ” (V, p, 102). 

ScaTabmu$ lays only a few (about 6) eggs, which in S, sacer 
measure on the average 8*2 x 4-7 mm. They are provisioned with 
yolk through physiological means, and, as we have seen, a further 
supply of food is provided by the instinctive activity of the mother, 
wMoh the emerging larva finds at its door. The larva when it' is 
hatched begins to feed on this'rioh store, and works its way steadily 
downwards until it has devoured all the dung within the hardened 
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rind, replacing it gradually with its own abundant excrement. It 
has the curious and useful habit of plastering up cracks or holes in 
the surface of the pear, whether these are caused by small dung 
beetles (Onthophagtis or Aphodius) which have remained hidden in 
the dung, or gaps produced artificially by the experimenter. First 
it reconnoitres the hole with its head, then turns round and applies 
with its trowel-like hind end its own excrement to the edges and 
gradually cements up the hole. It can mend quite large holes, such 
for instance as are made by cutting off the pointed end of the pear. 
This repair work serves the useful purpose of preventing the contents 
of the pear from drying up, a danger which is always present during 
the summer months when larval and nymphal development is pro- 
ceeding and to which the developing scarab often succumbs. 

For emergence the nymph has to await the autumn rains of the 
South, which soften the ground and the hardened walls of the pear 
and permit the fully formed beetle to struggle up to the surface. 
The beetle may be ready to emerge in August, but usually has to 
await the rains that come at the end of September. When their 
free life begins they soon start to make and roll their food-balls, 
doing this perfectly from the first go off. So the cycle of behaviour 
comes full circle again. 

This brief account of the behaviour cycle in Scarabmia enables 
us to form some idea of the essential characteristics of instinctive 
behaviour, both psychological and biological. We may note first 
the extreme simplicity and specialisation of the psychological activ- 
ities involved. The adult scarab seeking food has the specialised 
“ disposition ” to pay attention to one specific scent only, that of 
dung, and to carry out a specific series of actions, comprising the 
moulding of a ball of dung, its transport and inhumation in a burrow. 
This perception-action disposition is inborn, and owes nothing to 
previous experience or learning ; it appears at a definite stage of 
the life-cycle, ready to function. The scent of dung to which the 
scarab is predisposed to attend is normally adequate as indicative of 
the proper material from which to mould its balls, though in excep- 
tional circumstances it may lead the scarab astray, as when it rolls 
and buries objects that are merely smeared with dung. 

The course of action which the smell of dung excites is fairly 
stereotyped, but it is capable of modification according to the 
sensed or perceived situation. Thus the process of ball-makmg 
may be omitted or abridged, if the dung is too hard or competitors 
are too numerous. But the general fonhula or action is adhered to 
—removal of a portion of dung, usually in the shape of a ball, and 
its burial some way off. It is important, to note that this oourse of 
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action is actively pursued till its successive goals are reached ; the 
scarab persists in its work till the ball is made ; it struggles to roll 
the ball over or round obstacles ; its action is persistent with varied 
effort. This is an important characteristic of all behaviour, and it 
implies psychological factors. 

It is often said that instinctive behaviour is blind, that the in- 
stinctive animal has no foreknowledge at all of the goal to which its 
actions are directed. There is a great deal of truth in this assertion. 
We have no reason to think that the scarab has a prior notion of 
what it is about in making and rolling its food-ball, still less a 
definite plan of action thought out beforehand. Nor can we sup- 
pose that in selecting special material for its larval pear, moulding 
it into a ball, constructing a special brood chamber and therein 
forming the pear so nicely adapt^ for the welfare of the larva, the 
female has in mind the biological purpose of her acts, which is the 
provision of suitable conditions for the development of her offspring 
— of which she can have no knowledge. It is sufficient to suppose 
that she has an inborn and specific impulse or drive to carry out 
certain acts in a certain order, without knowledge of the ultimate 
end or purpose of these actions. But it would be a mistake to think 
that her ac'tions are completely blind, automatic and mechanical. 
There must be some forward-looking element in her behaviour, 
pointing towards the immediate goal, terminus or end-state of the 
action actually in progress ; there must also be some consciousness, 
however dim, that her action has, or has not, reached its immediate 
goal ; otherwise it would be impossible to explain why her action 
shows persistency till the goal is reached and then ceastss. 

But the dung beetle’s behaviour is certainly not purposive in 
the human sense. **rhe late Prof. G. F. Stout, in his analysis of 
instinct from the psychological point of view (1913), treats instinct 
as a form of perceptual process, thus marking it off as being on a 
lower level than the ideational and overtly purposive activity char- 
acteristic of man, and of man alone. This is a fundamental and 
generally accepted point, of crucial importance for the proper inter- 
pretation of animal behaviour. “ The vast interval,” he writes, 
” which separated human achievements, so far as they depend on 
human intelligenoe^ from animal achievements, as far as they depend 
on animal intelligence, is connected with the distinction between 
perceptual and ideational process. Animal activities are, in the 
main, either purely perceptual, or, in so far as they involve ides«, 
these ideas only setve to prompt and guide an action in its actual 
execution. On the other hand, man constructs ‘in his head,’ by 
means of trains of ideas, schemes of action before he begins to cairy 
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them out. He can cross a bridge ideally before he comes to it 
actually ” (pp. 387-8). The contrast between animal and human 
behaviour is essentially that between impulsive or hormic behaviour 
guided by immediate perception and behaviour guided by ideas 
which are goals of action. Animals are in the main creatures of 
impulse. 

Furtheiiuore, behaviour on the perceptual level is always “ purely 
and immediately practical in its operation . . . The theoretical 
question Why ? has no existence for the merely perceptual con- 
sciousness (p. 447). The instinctive animal “ knows how ” to 
act in a given normal situation, it does not know why it should so 
act. Its “ knowledge ” is practical — and effective — it is not 
theoretical. As Spaier (1030) aptly puts it, instinctive behaviour 
is a matter of “ savoir-faire not of coiinaissance/' Animal 
behaviour therefore should not be interpreted in tenns of conscious 
purpose, of plaimed and foresiglitful action, such as human beings 
carry out ; to do so is to fall into a gross anthropomorphic error. 
But much of our own behaviour, as for instance in playing tennis or 
dodging the traffic, takes place on the perceptual plane of direct 
knowing doing,” and thus gives us an insight into the nature of 
perceptual process, of which instinctive behaviour is a form. 
Animals live a life of immeiliacy and impulse to which the non- 
intellectual part of our own experience as acting subjects gives us a 
valuable clue. 

It is woitli while noting that behaviour on the perceptual level, 
which is normally directive towards a biologically uselul end-state, 
without explicit foreknowledge of it as end, is the rule in Nature, 
and consciously i)urpo8ivo action the exception, for all animals 
exhibit this form of behaviour, and only man Sim to tJ)e ideational 
or conceptual level, and that not consistently or continuously. 
Furthermore, directiveness towards biological ends is characteristic 
of organic activities in general (Russell, 1945) and is basic to be- 
haviour at both levels. 

Regarded from a biological point of view, the behaviour of the 
scarabs is clearly directive towards goals related to the biological 
ends of self-maintenance, reproduction and development. Guided 
by a specific scent, the scarab seeks out for nourishment the food 
which is suitable to protecting it from desiccation by rolling it 
away and burying it ; it recognises its mate by smell and performs 
the necessary act of copulation ; it amasses food for the nourishment 
of its descendants, stores it in a burrow in a shape convenient fot 
the hatching larva, continuing thus by behavioural means the 
cellular activities which have produced and provisioned the egg ; 
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the growing larva eats the food provided for it, conserving it by 
repairing breaches in the wall of its domicile by the use of its own 
excrement. All these tilings the scaral) does without knowledge of 
the biological purpose of its acts ; its behaviour is directive, like the 
morphogenetic and physiological activities of its cells, but none of 
these activities is purposive in the psychological sense. Its be- 
haviour is integrated with, and forms an essential link in, the cycle 
of activities which constitute its life. 

We have noted that the behaviour of Scarabmufi is highly special- 
ised both on the perceptive and the executive side. Biologically 
regarded, this behavioural siiecialisation is just one part or aspect 
of the integral specialisation in form and function of the scarab as 
a living whole. Smrahmus is essentially a diunial Lamellicom 
beetle which utilises dung in a part/icular way, adjusted to the 
climatic conditions in which it lives. Its bodily structure is related 
closely to its manner of behaviour. I ha\4 mentioned its wedge- 
shaped head, and the combined callipers and scrapers formed by its 
middle and hind legs, which facilitate the moulding of the ball ; 
to which it may be added that the fore legs are efficient excavating 
tools. Internal organisation also is relat/cd to the dung-eating 
habit. Dung is not a very nutritious substance, having passed 
already through one alimentary ’^canal ; great cpiantities of it are 
therefore required for a meal. Fabre found that Smrabams would 
eat steadily for at least 12 hours, consuming in that time about its 
own volume of dung, and producing a fajcal cord nearly 3 metres in 
length (V, pp. 24-5). In correlation with the groat amount that 
has to be ingested and dealt with, the dung-beetles in general have 
an exceptionally long intestine. According to Hennegiiy (1904, 
p. 68), the length of the digestive tube in coprophagous Lamellioorns 
is on the average 10*19 times that of the body, as against 3*7 times 
in phytophagous members of the group. 

The coprophagous Lamellicorns are a very ext/onsive and widely 
distributed family, comprising no less than 1 7 sub families (Kolbe, 
1905), several of which are very rich in species. A few of them 
live on and store carrion, and one or two feed on and store lefivos 
and shoots, but the great majority depend entirely on dung for food 
for themselv^ and their offspring. They show a considerable 
diversity in the way in which they utilise dung for these two pur- 
poses, being sixjcialised in their behaviour in several different direc- 
tions. Some small forms, such as the Troginie and the AphodiinsD, 
simply feed on the dung as they find it, and lay their eggs in it, 
making only this general provision for their offspring. Onthophigus 
also feeds directly on the dung, without storing it for future con- 
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sumption, but it makes quite an elaborate burrow directly under 
the dung, provided with lateral and terminal bipod chambers. Its 
behaviour has been studied by Burmeister (1930), who shows how 
male and female collaborate in the excavation and provisioning of 
the burrow ; the female does the work of excavation, while the 
male clears away the “ spoil ” through a special tunnel leading to 
the open ; he then digs out dung from the middle of the heap and 
brings it to the female, who drags it down the burrow and packs it 
into the brood chambers which she has prepared. 

Many of the Geotrupinse, such as (kotrupea and Minotaurua, 
show similar reproductive behaviour, but also make food burrows 
beneath the dung. Copris, which, like the Geotrupinaj, is crepus- 
cular in habit, stores a shapeless mass of dung for food in a cavity 
dug directly under the source of supply ; the brood chamber she 
makes is larger and well finished ; with the help of the male she 
provisions it with soft sheep dung, which she works first into a large 
ovoid mass then divides up into three or four pieces, fashioning each 
into an ovoid somewhat resembling the pear of Scarabaem and like 
it supplied with an egg-chamber and an egg. Unlike the female 
Scarabfeua, she stays by her ovoids until the young beetles emerge, 
a matter of four months, keeping the ovoids clear of mould and her- 
self repairing any cracks that appear. The female Copris is a good 
fashioner of dung, but neither she nor the male makes and rolls away 
balls of dung as does Scarabesua. They are probably incapable of 
fashioning and trundling a ball, for they lack the long curved 
callipers formed by the mid and hind legs of Scarabseva. The only 
ball-rollers among the dung-beetles are the Scarabseinse, Gymno- 
pleurinsB, Sisyphinsc and the Canthoninse. They are all diurnal in 
their activity and they all possess the long curved legs necessary for 
ball-inaking and ball-rolling. 
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Though progress in all sciences is international, yet inevitably 
particular methods of scientific teaching immediately stimulate 
each new development of scientific knowledge, and consequently 
impose national characteristics upon scientific progress. Thus, 
whilst organic chemistry has, from the times of Scheele and Liebig, 
developed in many countries as a specialised laboratory art con- 
cerned with the study of naturally occurring plant and animal 
products, it has always been taught by English-speaking nations as 
a subject which should not bo differentiated by early specialisation 
from cognate physical sciences. Consequently it may be noted 
that both in this country and in America there have been made 
significant applications of contemporary physical concepts in explain- 
ing the fundamental mechanisms of organic reactions. Theories of 
this character, which demonstrate the essential unity of the whole 
science of chemistry, have resulted both in the improvement of 
knoAvn laboratory processes and in the development of new reactions 
of considerable general value. 

First and foremost of these theoretical contributions to the 
elucidation of the mechanisms of organic reactions is undoubtedly 
the realization by Lapworth in Manchester, over forty years ago, 
of the fact that many relatively slow chemical changes in solution 
involve the transient ionisation of certain of the reacting molecules, 
and the momentary liberation of highly active, charged particles, 
including free cations and anions derived from hydrocarbon radicals. 
According to thus view, the activation of many organic molecules 
involves the Heterolysis of covalent bonds ; bond-rupture taking 
place without fission of the spin-neutralised electron pair which 
constitutes any normal covalency, thus 

A:B— ► A+ -t- (:B)- Heteroly«i* 

The qualitative application of tlus heterolytio mechanism for 
organic regions led, a quarter of a century ago, to rational inter- 
pretations of hydrolysis, esterification, aromatic substitution, and 
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the principal condensation proces^^es involved in syntheses which 
utilise carbonyl compounds, esters, amines and other molecules 
containing strongly polar groups. Valuable new syntheses, typical 
of which may be instanced Sir R. Robinson’s adaptation of the 
Mannich reaction for homocyclic ring closure, have been developed 
by recognising that 8j>ecific reactions can be induced by promoting 
the momentary ionisation of organic compounds of known structure. 
Again by developing quantitative aspects of this theory it has been 
possible to predict the rates of many chemical reactions in solution, 
to explain the nature of acid-base catalysis, and, as described in a 
recent article in this periodical,^ to throw valuable light upon the 
stereochemical aspects of substitution processes. 

Nevertheless, the heterol 5 rtic int/crpretation of organic? reactions 
in solution has been shown to have its limitations, for it is now 
abundantly clear that there can occur in the liquid phase many 
chemical reactions which have all the characteristic features of gas 
phase reactions. 

Reactions which occur in gases are mtich more complicated, both 
kinetically and analytically, than the majority of reactions in 
solvents such as water. They do not involve the ionisation of the 
reacting particles, but proceed through the Ucmiolysis of covalent 
bonds, Le. by the fission of the electron pair bond with generation 
of a pair of electrically neutral, paramagnetic, radicals, or atoms, 
thus 

A:R— >A» •+- ‘B HoraolyHi« 

It was again Lapworth who first pointed out that the homolysis of 
an isolated molecule should, in theory, require less activation 
energy than its heterolysis, since in the latter case work has to be 
done to dissociate the electrically charged particles, and he therefore 
stressed the significance of the solvent in bringing about chemical 
reactions in solution. Ionising solvents such as water, alcohol, 
acetic acid, etc., both by polarising undissociated molecules, and by 
solvating ions, reduce the activation energy for heterolytic bond 
fission below that required for homolytic bond fission, and these 
are, in fact, the types of solvents which are invariably used in the 
organic reactions which have already been mentioned. Conversely 
therefore one would anticipate that reactions occlirring in non- 
ionising solvents, such as hydrocarbons, would probably be of tlie 
homolytic tjrpe. 

The first experimental evidence for the possible existence of free 
neutral cnrganic radicals in solution was actually obtained as early 

^Cf. E. D. Hughes, *‘The Walden Inversion,*’ SoiIbncbj P»oa»3fi88, 84, 
516, July, 1946. 
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aa 1900 by Gomberg, who showed that the complex hydrocarbon 
hexaphenylethano tended to undergo reversible thermal dissociation 
into a pair of chemically I'eaotive triphenylmethyl radicals. 

(CaH,)aO -C(C.H,), 2(C,H,)3C • 

In the ensuing twenty years many analogous dissociable mole* 
cules were prepared, including derivatives of nitrogen, and oxygen, 
but all these molecules contained aromatic ring systems so disposed 
that the free radicals were in I’cality complex resonance systems 
very considerabl}^ stabilised by the dispersal of the unpaired electron 
between many possible localities within the whole particle. The 
actual existence, even in gases, of free atoms such as hydrogen was 
not firmly established until 1922, and not until 1929 was it shown 
that simple organic radicals, such as methyl, could haye a real, 
independent existence. Even then it was felt that simple free 
atoms or radi(;als recombined so very rapidly upon all surfaces that 
their prescuice in condensed systems was virtually impossible. 
During the last twelve years, however, it has been shown quite 
clearly that free neutral radicals, of all degrees of chemical reactivity, 
can be liberated by homolytic reactions in solution to take part in 
chemical reactions which are identical in type with gas phase 
processes. 

Significantly enough the first experimental evidence for this 
theory was obtained in Manchester where, in 1934, D. H. Hey pointed 
out that certain of the decomposition reactions of aromatic diazo 
compounds in aromatic solvents led to the formation of products 
which did not accord with the current polarity theories. He 
consequently suggested that uncharged organic radicals might have 
participated in his reactions. ^ 

Hey and his colleagues showed that wlien several thermally 
unstable molecules, such as benzene- diazo hydroxide, benzene- 
diazoaoetate or dibenzoyl ixjroxide decomposed in aromatic liquids, 
then arylation of the solvent occurred in all jiossible orientation 
positions. In particular the para compound R — C^H^ — CeHg 
could be isolated with ease from any solvent CeH^R, quite irre- 
spective of the fact that the substituent group, R, might normally be 
meto directive, e,g, NO* or COOEt, or ortho-para directive, c.j. 
Cl or OH,. This alone was strongly indicative of a reaction involv- 
ing the neutral phenyl radical, C^H,-, containing one unpaired 
electron, but in addition the whole reaction mechanism was sub- 
stantiate by Jkinetio studies which showed that the rate-determining 
process was a unimolecular dissociation of the thermally unstable 
starting-product, which evidently formed highly reactive particles 
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capable of reacting rapidly with surrounding solvent molecules of 
all types, e.g. 

C,H.— N— N— O— COCH,— ►C.Hj. + Nj + •OCOCH, "low 
C,H,. + C,H,-R ~>C,H5--C,IV-R + -H 

To verify Key’s theory of the transient existence of free neutral 
phenyl radicals in solution, the writer of this article then attempted, 
with success, to detect the presence of free uncharged radicals in 
these reaction mixtures by means of their combination with metals, 
such as mercury and antimony, to peld organo-metallic compounds, 
following, for analogy, the work of Paneth who had in this way 
demonstrated the formation of free methyl radicals in gaseous 
systems. Several decomposition reactions of aromatic diazo com- 
pounds in non-aqueous solvents were found to be capable of yielding 
organo-metallic compounds, p.g. 

C.H.— N,— OAc 4- Hg-^N, -f C.Hj -Hg -OAc 
C,H.N.C) -f 8b -► (C,H,),SbCU 

whilst concurrently there occurred reactions involving the solvent 
which had been taken. For instance, when benzene diazonium 
chloride is allowed to decompose under acetone there occurs the 
reaction 

C,H,— N, Cl 4- CHa-C:0 H -f N, + OH,— CO— CH, Cl 

in which the chlorination of the solvent is evidently brought about 
by atomic chlorine, for most metals, including oven gold, yield their 
chlorides if added to this reacting system. 

Reaction with solvent molecules is, in fact, typical of free neutral 
radicals and involves only the outermost atoms of the solvent 
molecules. 

Once the possible existence of free neutral radicals in solution 
had been adequately- supported by experimental evidence, such as 
that mentioned above, a review of those chemical reactions which 
were not easily explicable by the heterolytic polar reactivity theory 
showed that homolytic reaction processes in solution were by no 
means uncommon.^ They resulted usually from reactions which 
involved eitheif the thermal or the photo-chemical dissociation of 
an unstable molecule, and occurred most evidently in solvents such 
as paraffin hydrocarbons, benzene, or carbon tetrachloride, in wliioh, 
of course, ionisation does not occur. Moreover, many catalysed 
reactions seemed to be homolytic in type, and to expkin these it was 
again necessary to have recourse to current physiUp-chemical theories 
of gas-phase reactions. 

Already the interpretation in this way of the itieohanism of 
and Waters, Ohemieal Bewem, 1937, 21, 199»S@8. 
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catalysed reactions has had far-reaching results, which have included 
the discovery in both England and America of quite a number of 
entirely novel chemical reactions, some of which are already of 
technical value. In a general survey, these reactions are best 
considered from the aspect of fundamental theory. 

According to electronic theories of valency, free neutral radicads, 
such as methyl or phenyl, like free neutral atoms, such as chlorine, 
should aU, most easily, gain stability by acquiring control over one 
more electron, and they should therefore react : 

(i) with substances which have unpaired electrons, or incomplete 
valency shells, e.g. 

2CH,- t .T«. 

(ii) with the hydrogen atoms which form the outer sheath of nearly 
all organic molecules, e.g. 

C.H,- 1- C.H, -H + R- 

and (iii) with unsaturated compounds, in this case to add on to one 
end of the double link, e.g. 

C.H, • 1 RCH^^CH, -► ROH--t:'H,— C,H» 

Some examples of rt»action (i) have already been given, but in this 
category must also be included recombination reactions of free 
radicals, e.g. 

PhjC. + .CPh,— ►Ph,C>-CPh, 

and also their very rapid reactions with “ odd molecules,” such as 
nitric oxide, which contain unpaired electrons, e.g. 

Ph,C. + -NO-vPh.C-NO 

Processes of type (i) lead to the removal of free neutral radicals 
from reacting systems, and in the study of gas reactions the action 
of nitric oxide as a radical remover was shown, in 1936, by Staveley 
and Hinshelwood at Oxford, to be particularly valuable in the 
elucidation of the chain lengths of decomposition processes. Since 
■ then extensive applications of this principle in petroleum chemistry 
have been made in both Canada and America. 

Processes (ii) and (iii), in contrast to (i), do not end chemical 
reactions, but are typical of the chain-propagation reactions well 
known in gaseous systems. The displacement reaction (ii) is typical 
of the behaviour of all active free neutral radicals in solution. The 
initial radical (e.g. C,Hj* ) by picking up hydrogen (or chlorine from 
a chlorinAted solvent) becomes a stable molecule, whilst in its place 
there is set free a new free radical, • R, derived from the solvent, 
With th^ secondary radicals a series of similar displacement 
reactions continues imtil two such radicals meet and) neutralise each 
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other, either by dimerisation (proceBS i) or, more frequently, by 
disfroportionation, one dehydrogenating the other ; thus 
•CnH'Vii i l •GinH’ira+l — ^ G|,H2n+2 4 ^^^112111 

On account of the occumuice of processes of typo (ii), the final 
reaction product from homolytic reactions in sohition is nearly 
always a complex mixture. Two general features of these reactions 
are to be noted however. Firstly, radicals typical of the solvent 
will be regenerated in type, but not in identity, by recurring pro- 
cesses such as 

Cl . 4 - CCh Clj + • CCI3 

or 

BO • 4 IT --OH HO ~ H f . OH 

SO that, in spite of their intense reactivity, tliey may persist for a 
sufficiently long time within the liquid to react <^\ten.sively with 
other dissolved substances. Secondly, displacement processes, 

A. 4 b- C-^A B 1 .C 

will be exothermic, and therefore favoured, if the resultant radical, 

• C, has a lower energy content than the initial radical, » A. In this 
way there may, by a suitable choice of ‘‘ inliibitor " molecides, 
B — C, easily be produced in a system undergoing homolji^ic changes 
radicals, *0, which are too inert to attack solvent molecules, but 
which remain until finally destroyed by dimerisation. Atomic 
iodine, and many resonance-stabilised aromatic substances obtain- 
able by the dehydrogenation of polyphenols, or of arylaminos are of 
this character. 

Anti-catalysis of chemical change is usually explicable in this 
way. Its importance in the preservation of foodstuffs, fats, and 
oils, from deterioration by spontaneous oxidation has long been 
recognised technologically, but only with the advent of the free 
radical theory has it been possible to select the ‘‘ inhibitor ” or 
“ anti-oxidant ” by a rational consideration of molecular structure. 
The inhibition of enzyme processes, and the ‘‘ poisoning of indus- - 
trial catalysts may be other actions of a similar type. 

Process (iii), the addition of free radicals to unsaturated systems, 
can also continue as a self-propagating reaction. Thus following 
(iii) there can occur the sequences 
Ph-^-CIV-CHE -f CH,- CHR Ph^^-GHj^ 

Ph— CH^--CHR- (CHa---aiiR)n— CH4---CHR 

glaring a saPturatod long chain radical which will continue to grow 
until again two such radicals meet and recombine, or eke dis- 
proportionate. In general, the lower the concentration of the active , 
growing chains the longer will be the Chain length of the final 
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product. The productions of linear polymers, such as polystyrene, 
polyvinyl acetate, and polymethylmethacrylate (“ perspex ”) from 
monolefines and of synthetic rubbers from mixtures of mono* and 
di-olefines are duo to chemical processes of this type. For some 
purposes the liquid unsaturated monomers are polymerised by dis- 
solving in them a small percentage of a radical-producing catalyst, 
such as dibenzoyl peroxide, which spontaneously generates free 
phenyl radicals by thermal decomposition. 

Pll -CO O -O -(XX-Ph 2Ph— C!0~-0 • rt^v^rnible 

Ph - CO — O • — ► Pll • + COa irreversible, slow 

These initiate the chain addition and become incorporated into the 
structure of the final polymer, as has been shown by using halo- 
genated jxeroxidea, or aromatic diazo-oompounds, and detecting 
the halogen in the resultant polymerised product. 

For other purposes emulsion polymerisation is used. Droplets of 
the monomeric olefine ai'o dispersed in an aqueous liquid containing 
a radical-pnxlucing catalyst, and the active free radicals then enter 
the disi>ersed drops in very low concentration, giving in this way 
products of very higli molecular weight. Peroxides, or peivsalts, 
e,g. KjSjOg, have regularly been chosen as catalysts, and it has been 
found that mild reducing agents are usefully added as ‘‘ promotors/* 
Recent work at Leeds Iras shown that those promotors act by pro- 
ducing free hydroxyl radicals by a one-electron transfer in which 
the peroxide bond is broken by tire gain of one electron from the 
reducing agent tlius 

Fef I 4 HO OH FtvM H 4 (HO: )~ P -OH 


Oxygen, which can add on to frtx^ radicals, in very much the 
same manner as can nitric oxide, is often an inhibitor of chain 
polymerisation, for the resulting peroxide radical may not be able 
to continue the chain addition process. Oxygen gas, however, can 
oxidise many organic and inorganic compotinds by a homolytic 
chain i*eaction in which again free hydrocarbon radicals are con- 
cerned, This action, termed “ autoxidation,** is usually auto- 
catalytic, but it can be initiated immediately by means of radical- 
producing reagents, such as the organic peroxides, or even the 
hydroperoxides which ate formed by the autoxidation itself. In 
autoxidations of organic compounds the main reaction chain is a 
displacement process, of type (ii) involving the dehydrogenation of 
the oxidised material, 

X • 4 - X— H 4- ETH • cheiin starting by catalyst X • 


. -b O, R"CH-»-0— O . 

0— O ‘ -f R^CHa R'CH— 4 R^CH . 


chain sequanoe 
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but subsequently the hydroperoxides thus formed break down, in 
quite a complicated manner, to yield the final oxidation products. 

It is a striking feature of those autoxidation reactions which 
proceed at moderate temperatures that dehydrogenation of 
C-r-H groups occurs, as above, in preference to attack on double 
bonds. CJonsequently unsaturated compounds containing the 
— CH, — CH— CH — group are first oxidised at the — CHa — group 
adjacent to the double bond {t.e. in the “ ally! position ”) and yield 
unsaturated hydroperoxides of the structure 

~ CH~ CH^Cl f 

I 

O -OH 

though as these initial products subsequently break down they then 
appear to yield secondary radicals, such as • OH, which do eventually 
attack the olefinic links. The reasons for this initial autoxidation 
in the allyl position can be derived quite simply by considering the 
stability of the possible free radicals which might be formed by 
dehydrogenation of an olefine, for the two structures 

A- CH- CH=::^CH— B and A— CH— B 

•» • 

represent no more than the alternative canonical states of the same 
resonance-stabilised free radical. Consequently the formation of 
this radical by a bomolytic dehydrogenation process requires less 
activation energy than does either the dehydrogenation of a paraffin 
or the direct addition of a radical to one end of the CH— CH group. 
Compounds containing the group — CH— CH — CHj CH— CH — 
will obviously require still less activation energy for deliydrogena- 
tion, for in the resulting radical all five carbon atoms then participate 
in the resonance system, and it is significant that the “ drying oils ” 
used in the paint, varnish, and linoleum industries all contain this 
characteristic group. Resonance-stabilisation of a radical must 
again be considered in the autoxidation of aldehydes. 

It is quite probable that free radical processes also play 6ui 
important role in biological oxidfitions, for many enzyme-catalysed 
oxidations, when examined in vitro, have been shown to have Hie 
kinetic features of chain reactions. Again, a few of the essential 
prosthetic groups of oxidation-reduction enzymes, as for instance 
the vitamin riboflavine, have already been shown to be capable of 
yielding free neutral radicals by partial reduction, whilst 
biological products, such as heematin, can be used as autoxidation 
catalysts. Free hydroperoxides are not found in living cells, how- 
ever, since they are rapidly destroyed by the ever-present enzyme 
“ catalase,” which probably acts upon hydrt^en peroxide in very' 
much the same manner as does any ionised ferrous salt. 
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As yet, however, the cogency of the free radical theory in this 
borderline between chemistry and physiology has scarcely been 
explored. Its investigation will be no easy task, since it is difficult 
to pick out a diagnostic free radical process in even a simple organic 
reaction. 

Though chain polymerisation and autoxidation are by for the 
most outstanding of the technically important reactions in which 
free neutral radicals are concerned they are by no means the only 
chemical reactions to which the modem homolytic theory has 
brought a valuable insight. Many, though by no means all, addition 
reactions of olefines have turned out to be homolytic processes of 
type (iii) and not heterolytic processes. 

For instance, when hydrogen bromide is mixed with an un- 
symmetrical olefine, addition normally occurs as follows 

f Br R— CH(Br) -CHs 

in accordance with Markomiikow’s empirical rule which states that 
“ the hydrogen atom tends to attach itself to a CHg group in prefer- 
ence to a CH group,” and which can be deduced, quite simply, from 
the weU-known polar theories of chemical reactions involving ions 
(c.gr, the ions and Br ). In 1933, however, Kharasch and 
Mayo, in Chicago, found that in the presence of quite a small per- 
centage of a peroxide a much foster abnormal reaction occurred 
in the reverse direction, thus 

poroxid© 

R ~ CH^ <XtI, + Br ► R CH, CH,-- Br 

caialyAt 

The discovery of this “ peroxide effect ” accounted for many of 
the anomalies reported by earlier workers, and led to the discovery 
of quite a number of new addition reactions of distinct synthetic 
value. For example, in the presence of peroxides, bisulphites and 
thiols can both be made to add on to olefines ; in the absence of 
peroxides such additions do not normally occur. 

The “ peroxide catalysed ” addition of hydrogen bromide to an 
olefine has the following ohain mechanism : 

(а) The peroxide slowly generates a trace of an active free 

radioai, e^g. ^ 

Ph— GOO— OCOPh:5±2Ph— CO~ 0. 

(б) The active radical abstracts hydrogen from hydrogen bromide 
(so also from a bisulphite or a thiol), e.g. 

Ph— CO— O • + H— Br — ► Ph— CO— O— H + • Br : 

(c) The bromine atom, then adds on to one end of the double 
bond. Being a neutral atom, with an incomplete shell of but seven 
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electrons, it tends to acquire stability by completing its octet. To 
effect this it must gain some control over one more electron, and 
this it can do, with the least energy requirement, if it attacks the 
C'”C bond at the point of lughest electron density. This is usually 
the site of the CH.j, group, not the CH group, for in molecules such 
as CH 3 --CH=-CH, or Cl—CJH : CH, the substituent (CH, or Cl) 
tends to drive electrons away from it during chemical change, or, 
in other words, tends to stabilise the radical CH,— -CH ~CH,Br or 
Cl — CH - -CHjBr either by electrostatic action or by a resonance 
effect. 

Consequently homolytic addition takes place as follows 
R— CH -CH, + -Hr: R-- CH - QH, -Hr 

{d) Process (c) above leaves a free carbon radical, which, like the 
initial catalyst, can dehydrogenate hydrogen bromide 

R -CH— CHjHr t H Hr— ►R— CH,-CH,- ill- I -Bti 

and so the proo.e.s8 can go on, via reactions (c) and (d) in turn, until 
one of the reagents is used up, or one of the participating radicals is 
destroyed by a side reaction. 

Typical of the.se side reactions will be reactions between the 
organic radical R— CH — CH,Br and substances, such as quinol 
or diphenylamino, which can lose hydrogen homolytically even 
more easily than can hydrogen bromide. Compounds such as 
those named above may therefore be used to “ inhibit ” peroxide- 
catalysed addition : they do not affect the “ normal ” (*.c. ionic) 
addition. 

Hydrogen bromide is the only one of the halogen acids with 
which this abnormal, peroxide-catalysed, addition reaction can be 
carried out. Hydrogen fluoride and hydrogen chloride are both 
too stable for dehydrogenation by peroxide rascals, whilst hydrogm 
iodide would yield atomic iodine which is not sufficiently reactive 
to attack a C— -C bond, and merely dimerises to molecular iodine. 
Actually, iodides are inhibitors of nearly all homolytic reactions. 

The addition of br#mine to olefines can also take either the 
heterolytic or the homolytic course according to circumstances. 
The latter mechanism is favoured by non-ionising solvents, such as 
benzene or carbon tetrachloride. Light promotes this type of re- 
action by dissociating a trape of the molecular bromine, and so pro- 
ducing the active bromine atoms with which the ohain reaction can 
be initiated. Atomic bromine, however, can dehydrogenate reactive 
Cr— H groups, such as the active — CH, — in — CH,— 
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or the side ohain in toluene. Indeed, substitution of aromatic 
compounds, such as toluene, in the side ohain is characteristically 
a homolytic process, whereas substitution in the aromatic nucleus 
is usually a heterolytio process. Thus the conversion of toluene 
to benzyl chloride is favoured by heat and light, conditions which 
favour dissociation of molecular chlorine to atomic chlorine, and 
set up the chain reaction : 

light • • 

CIj >^2 -Cl: 

:CU 4 CH3-~C3,H, 4- .CH*— 

Cij -h • JI 4 ► Cl C.Hs 4 • C\ : 

In 1939, Kharasch and his colleagues showed that sulphuryl 
chloride, SOgCla, was a very convenient reagent to choose for carry- 
ing out homolytic chlorinations of this type. Benzyl chloride can 
be obtained in high yield by dropping sulphuryl chloride slowly into 
boiling toluene containing a trace of dibenzoyl peroxide as a ca^lyst. 
The reaction depends in part upon the ease with wliioh sulphuryl 
chloride can dissociate to sulphur dioxide and chlorine, since the 
rapidly attained equilibrium 

SOaCi, SOg 4 - Clg 

will be shifted to the right by the chlorination process which ensues. 
The unstable radical *80201 may also be concerned, however, since 
in the presence of pyridine or quinoline toluene can be sulphonated 
in the side chain, giving CuHg — — SOaCl. 

Certain organic chlorinating and brominating agents, as for 
example N-chloro-imides, such as (ClaCgHg) — ^N(Cl) -CO — CeHj, 
and N-bromo-ipiides, such as N-bromo-succinimide, can be used in 
the same way. "Since they attack the — CHj — gi'oup and not the 
double bond in the system — CH* — — they are proving to 
be very valuable reagents for conducting specific degradation re- 
actions of complex natural products. It is significant too that these 
same reagents are autoxidation catalysts. 

More and more of these specific homol 3 rtic reagents are being 
discovered as time goes on. One of the most interesting of these is 
lead tetra-aoetate, which is often used, in glacial acetic acid solution, 
as an oxidising agent. At moderate temperatures it dissociates 
reversibly to free acetate radicals 

Pb((>— CO— CH j) 4 Pb(0-~-C0-^ -O— CO— CH, 

and can be used for the oxidation of glycols, which it splits to alde- 
hydes or ketones. In hot acetic acid solution, however, acetate 
radicals, like benzoate radicals (from dibenzoyl peroxide), break 

n 
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down irreversibly giving carbon dioxide and the very much more 
active free radical methyl, which can dehydrogenate almost any 
C — H group. 

CHj_*CO— O • — > • CH, + CO, 

Cottseqnently hot solutions of lead tetra-aoetate oxidise toluene in 
the side chain, benzyl acetate being the final reaction product. 
Even acetic acid is attacked by the methyl radicals, for in 1943 
Kharasch and Gladstone showed that both methyl acetate and 
succinic acid could bo obtained by decomposing diacetyl peroxide 
in hot glacial acetic acid. 

This surprising reaction probably proceeds as follows : 

CH,~«0— O -O- CO- CH, :;f± 2CH,-(X)--0 • — ► • CH, I Ct), 
CH,— C;0-0H + -OH,— ► CH,— CO— O H 4 CH, 

2 . CH,— CO— OH HO CO CH, CH, - CO - OH 

and 

CH,— CO- O- 4 • CH, -> CH, -CO- O— CH, 

A year earlier Fieser and his colleagues at Harvard University 
had discovered another new reaction of lead tetra-acetate, which 
again indicated that free methyl radicals were produced during its 
decomposition in hot acetic acid. In attempting to oxidise a 
quinonoid compound with lead tetra-aoetate they found that their 
product had been methylated, and thereupon were able to show 
that the methylation of quinones was quite a general reaction. 
Thus 


CO CO 



Under edmilar oiroumstanoes, dinitrobenzene gave dinitro-toluene, 
whilst benzene gave a small amount of benzyl acetate. All these 
processes undoubtedly involve reaction between free methyl radicals 
uid the C=C bonds of quinonoid or aromatic systems. 

Many further instances of the recent discovery of new homol 3 rtio 
reactions could be cited, ^ but there is not .the space to enumerate 
them aH in this general article. It should already be clear to the 
reader, however, that all these free radical processes proceed in a 
manner that is now clearly predictable by reference to the three 
general reaction types given on page 27. As yet, however, too 
little experimental work has been carried out for it to be safe for 
any theoretical chemist to declare whether or not any particular 

* For a fullar account of tills “ New Organic Chemistry ’’ the reader may 
refer to the writer’s monograph Th* Ohemittry of Free Badicah (Oxford, 1946). 
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fro© radical will have a sufficiently high energy content to attack 
any one specific C — H group, or double bond, in a given complex 
organic molecule. In the study of homol3diio gas reactions a great 
deal has been done towards accumulating this important inform- 
ation,* but even in this field chain reaction processes are often 
proving to be too complex for analysis with certainty. In chemical 
changes involving free radicals in solution even more alternative 
reactions have usually to be considered, so that as yet it is rather 
premature for the physical chemist to take over the quantitative 
development of this new branch of organic chemistry. Nevertheless, 
the notable developments of this subject in both England and 
America during the past ten years would not have been possible if 
the experimentalists in both countries had not been clearly aware of 
the value of approaching their subject by considering carefully its 
fundamental basis — the molecular and atomic mechanism erf all 
chemical change. 

* Of., for example, Atomic and Free Radical Reactions, by E. W. R. Steacie 
(Reinliold Pub. Corp., New York, 1946). 
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The locust problem has confronted man ever since he attempted 
agriculture. There is a picture of a locust on the wall of an 
Egyptian tomb of tlie Twelfth Dynasty, about 2500 B.c., and 
locusts were one of the Twelve Plagues of Egypt. References to 
this pest and the damage it caused abound in Hebrew, Greek, and 
Chinese texts, and Roman writ/ers have left many data. The 
modem literature on the subject is enormous and contributions 
have been published in a dozen languages te.stifying to the serious- 
ness of the problem and its wide range. 

The area of the world affected by the locust and its smaller 
relative, the grasshopper, is not often realised the general public. 
The ravages caused by these pests in Africa and the Middle East 
are much in the public news, but it is not generally realised that 
the problem is also a very real one in Soviet Middle Asia where 
the Asiatic Migratory locust periodically causes immense damage to 
the cotton fields and other crops. In China the Oriental Migratory 
locust has repeatedly caused wholesale famines and its range 
extends to the Philippines, Indo-China, Malaya, and the Indonesian 
islands. Australia also has its locust and grasshopper problems. 
Both the United States and Canada have to wage an incessant 
war against grasshoppers, and wide areas in South and Central 
America are periodically devastated by the American locust. 

In Africa and the Middle East, the region with which we in 
this country are more immediately concerned, there are three 
species of locust of great economic importance and it is with these 
that our antidocust control is more directly concerned. 

The first of these is the Desert Locust {Schiatocerca gregaria). 
It is this species that has been known to man since biblical times 
and it is still as active as ever. The area it covers is enormous, 
stretching from India in the east to the Atlantic coast of Africa 
in the west, and in the north from Russian Turkestan to the British 
Colonies and Protectorates south of the Equator in East Africa. 
The second species is the African Migratory Locust {Locusta migra* 
toria migratorioides), which has its centre in the bend of the middle 
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Niger and which periodically swarms over vast areas of the Afncan 
continent. 

The third species is the Red Locust {N omadacris temfasciata), 
which is chiefly found to the south of the Equator and j>eriodically 
ravishes Rhodesia and neighbouring Belgian and Portuguese 
territories and extends into the Union of South Africa. 

It is difficult to assess the damage and actual loss caused by 
locusts, although it is a fact that great famines have been caused 
by locusts in India, China, and other places. In Tanganyika 
Territory 75 per cent, or more of the native crops were destroyed 
in 1929 and great damage was also done in Kenya. In the countries 
of the Middle East facts are often difficult to collect, as these areas 
are sparsely inhabited and communications are inadequate. Never- 
theless, the Anti-Ix)cu8t Research Cc^ntrc^ attempted to reach a 
figure for the ten-year period 1925--35. Statistics could only be 
obtained from 49 countries out of the 77 suftering from the pest, 
and yet the figure arrived at was staggering, as it showed that 
crops to the value of over 80 million sterling were devoured by 
locusts in that period, and this in spite of the defensive measures 
taken, which undoubtedly saved many crops, but cost 13 million 
pounds. 

For hundreds of years man has been striving against the locust, 
but it has been defensive warfare. The locust usually exists in a 
solitary state in areas remote from settled cultivation and is then 
more or less harmless. Under certain conditions, however, it may 
start laying eggs and rapidly increases in numbers until the swarm- 
ing stage has been reached. The life cycle is fairly simple. The 
eggs are deposited in packeti|, containing 30 to 100 eggs, in the 
soil. In temperate regions they lie dormant in the winter, but in 
the tropics they may hatch out in two or throe weeks if there is 
sufficient moisture. Tlio hoppers emerge from the eggs and grow 
rapidly, moulting four or five times before the adult stage is reached. 
The whole cycle occupies a year in temperate i*egion8, but in the 
tropics there may be several generations in the year, and that is 
one of the reasons why the locust plagues are worst in the warmer 
parts of the world. One of the chief differenoos between the grass- 
hoppers and locusts is that the hoppers of the grasshopjw group 
live independently, whereas locust hoppers congregate in dense 
masses or swarms and so cause the crop damage that is so much 
feared. Urged by impulses which are not at present fully under- 
stood, these swarms, consisting of millions of individuals, start 
moving out of the desert into the more settled areas and as they 
move leave a trail of devastation behind them. These invasions 
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do not come at regular intervals and there is no definite cycle, and 
consequently the result, in the past, has invariably been that man 
was not ready when the attacks commenced. The age-old measures 
of poison baiting, trapping in trenches and so on, have to be got 
under way, involving the assembly of materials, transport, and 
labour in large quantities, with the result that by the time opera- 
tions are effective much of the damage to crops has already 
occurred. 

After an invasion there has been a natural and understandable 
reaction, with a tendency on the part of the Government concerned 
to lie back with a sigh of relief and trust that a similar invasion 
will not recur for many years. The result has been that no 
prrdonged or planned offensive has ever been waged against the 
locust and no progress has been made towards the final elimination 
of the menace until recent years. Recently, however, it has come 
to be realised that the aim should be the permanent control of the 
locust by scientific measures. The credit for this new outlook on 
the locust problem must go to a large extent to the British 
Government, who have led the way in the new policy. 

When a serious outbreak of the desert locust started to develop 
in 1928, the British Government decided that, not only should 
defensive methods be continued, but that a radical solution of the 
problem should be sought by investigating the reasons for the 
periodical swarming of locusts, with a view to their control. A 
Locust Sub-Committee of the Committee of Civil Research (later 
transformed into the Committee on Locust Control of the Economic 
Advisory Council) was formed in 1929 and the actual work was 
entrusted to a special research unit under Sir Guy Marshall, thfflu 
the Director of the Imperial Institute of Entomology. The tech- 
nical direction was in the hands of Dr. B. P. Uvarov, whose 
subsequent researches have proved of such groat value and who 
still continues in charge of the Anti-Locust Research at the present 
time. The first step was to devise a scheme for collecting current 
information on locust movements ami breeding, particrdarly in 
Africa and the Middle East, as it was felt that it would be wise to 
crmoMitirat© largely on these regions. Investigators were sent out 
to study the conditions on the spot, and the organisation speedily 
attracted the attention of other countries interested in the problem 

At the first of several International Locust Conferences hdid at 
Rome in 1930, the British organisation was requested to act as 
the International Centre for Anti-Locust Research and the folloviug 
eight years witnessed a unique oonoentratimst of scientific efiort. 
Parties of British, Fihneh, ^Igian, South Afriaaa, Indian, and 
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Eg3rptia3i entomologistfi Bystematically explored one area after 
another. Representatives met nearly every year to pool resolts 
and plan for the future. The information so gathered wae ao- 
oumulated at the Locust Centre in London and a unified reporting 
system was evolved, covering Afirica and a substantial part of 
Asia. The results of this team work have been amply justified. 
At the outset very little was known about the distribution of the 
dififerent species of locusts in Afirica, or of their seasonal cycle and 
migrations, or about the origin and course of the periodical out- 
breaks. But after eight years a clear picture of the factors became 
available and it was possibie to outline a definite policy aiming at 
a radical solution of the whole locust problem. 

It was abundantly evident that the periodicity of locust in- 
cursions was closely connected with the transformation of the 
harmless solitary phase into the dangerous gregarious one. It waa 
also proved that this transformation can only happen in certain 
restricted areas, having jieculiar natural conditions, and that only 
in these outbreak areas can the first swarms be started. 

The outbreak area of the red locust has been located in 
Northern Rhodesia and adjoining parts of Tanganyika, and to 
keep a watch on this area an Anti-Locust Unit has been formed, 
with headquarters at Abercorn. Similarly, the outbreak area for 
the Migratory Locust is in the middle bend of the Niger in the 
French Sudan, and here a vxnit is maintained by the French. 

With regard to the desert locust, it was found that swarms can 
arise firom certain scattered areas along the Red Sea littoral in 
Arabia, Somalia, in Baluchistan and Mauretania. The head- 
quarters for these areas is at Cairo. Each of these three units 
kept in close touch with the Anti-Locust Centre in London and 
relied on it for teohnioal supervision and advice. 

By the time of the declaration of war in 1939, the Anti-Locust 
Centre in London had become the main headquarters for direction 
and advice for all locust control efforts in these areas, and it was 
in constant touch with other scientific bodies in America and 
elsewhere who were faced with mmiliar locust and grasshopper 
problems. At first annual surveys on the locust position were 
provided to all Uovemments affected by the locust problem, but 
for the last three or four years the reports and information received 
ate BO abundant and exact that monthly bulletins are keued. 
These bulletins contain a summary of the situation for the previous 
month, give a brief forecast of the developments to be expected 
during the next month, and are accompanied by a small^oale map 
showing the general situation. More recently still it has been found 
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possible to seiMi , brief forecasts by air, and special warnings of 
sudden new developments may be sent out, with the object of 
giving the Governments of the countries concerned as much time 
as possible to complete their preparations if a campaign should 
prove necessary against invading’ swarms. 

An essential part of the work is the accumulation and dis- 
semination of data. Annual bibliographies of current literature 
have been published and abstracts of pajjera supplied to officers 
in the field. Extensive collections of locirsts and insects associated 
with them have been made and their parasites studied, and the 
basis of a library has been collected. Much of the research under- 
taken in those pre-war years was directed towards obtaining 
information with regard to the efiect of geographical and climatic 
conditions on the habits of the locust. By means of the system 
of reporting described above, it was found possible to reconstruct 
the normal aimual cycle of the three kinds of Afiican locust and 
to forecast with some certainty the breeding periods and migration 
routes. Similarly, bio-climatic research has lead to useful results, 
and in regard to one area of the Desert Ijocust, viz. East Africa 
and Somaliland, some suggestive correlations of seasonal locust 
activity with climatic data have been found. 

The headquarters of the Anti-Locust control centre are at the 
British Museum (Natural History). The accommodation available 
is limited and the opportunities for laboratory work are very 
restricted. Research actually at the centre has necessarily, there- 
fore, been largely confined to bio-geographical and bio-climatic 
research, deducted from the reports sent in, and much of the other 
valuable research that has been accomplished has been undertaken 
by officers attached to the centre who have proceeded to the locust 
areas for field research with specific problems in view. Thus one 
problem was to study locusts in the solitary phase and to try to 
elucidate the biological and climatic factors which may influence 
them to concentrate and eventually to transform into the gregarious 
phase. This was followed by studies of the factors regulating the 
behaviour of gregarious hoppers and adults of the Desert Locust. 

One interesting piece of research indicated that the solitary 
phase is capable of migrations at least as extensive as swarms in 
the gregarious phase. 

The advent of war in 1939 coincided with signs of renewed 
swarming of the Desert Locust after a quiet interval of several 
years. Owing to war conditions it was not possible to observe the 
first swarms and to sead-out the usual warnings, nor was it possible 
to CHTganise a campaign for their destruction. By the- time the 
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Middle East became more accessible, however, swarms were suf- 
ficiently widespread to necessitate an urgent campaign for the 
protection of crops in the Middle East and in East Africa, In a 
way, war conditions proved a blessing in disguise for locust research, 
because the vital importance of safeguarding the food supplies, so 
neceBsarj^ for troops and population alike, ensured the willing 
co-operation of all the Governments concerned. This made possible 
for the first time a unified campaign embracing the whole of the 
affected arem, and operations assumed an offensive character rather 
than a defenBive one, as had invariably been their nature in the 
past. The organisation of the locust campaign was taken over by 
the Middle East Supply Gentre, who recruited a special staff of 
entomologists and locust officers for field operation to supplement 
those provided by the Governments concerned, namely, Kenya, 
India, the Anglo-Egyptian Sudan, and Egypt. For the first time, 
it was possible to study the problem in some of the key countries 
of Arabia, which were formerly inaccessible for all jiractical pur- 
poses, and much information of the greatest value for the future 
has been gleaned. 

The control of locusts in the field entails much material and 
labour, which has to be transported often under conditions of great 
difficulty, for the early locust swarms are usually to be found in 
some of the most inhospitable and undeveloped regions in the 
world. The transport of^the necessary labour, of their food and 
water and the supplies of bait and other material is a big problem, 
but the oo-operation of the Military and Air Forces which was 
readily forthcoming rendered the campaign feasible. This is not 
the place to recount the results of this locust campaign, but to 
record the fact that, as it took place during the war, it permitted 
actions to be taken which would not have been possible under 
peace conditions and gave the scientists who took part in the 
work an unrivalled opportunity of observing new features and of 
getting new ideas which should do much to render locust control 
an easier task in the future. At the commencement of the cam- 
paign the time-honoured method of control, namely, the use of 
poisoned bait, had perforce to be used. This method, which 
consists of placing mounds of bran or fodder poisoned with sodium 
arsenite in the path of the advancing swarm, involves a tremendous 
amount of transport and labour and is not only extremely costly 
but presents difficult administrative problems. In addition, the 
use of sodium arsenite is objectionable, as it is poisonous to live- 
stock and care has therefore to be taken to keep village cattle and 
other livestock away from the enviromnent. A search for another 
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form of bait was, therefore, initiated and eventually it was dia- 
oovered that the synthetic substance “ 666 ” (hexa-chloro-oyclo- 
hexane), later named gammexane, served the purpose admirably. 
It is harmless to cattle, but is deadly to the locust. Its effect is 
not instantaneous, but the insect that once comes in contact with 
it invariably dies. Neverthel^, it would appear to be desirable 
to endeavour to find an insecticide with all the good qualities of 
gammexane but having a quicker lethal action, as this would have 
a better psychological effect on the native farmer and help to 
convince him of the efficacy of the remedy. In view of 
the cost of employing paid labour, the long-term policy must 
naturally be to encourage the farmers themselves to employ 
remedial measures to save their own crops and, in order to gain 
their confidence, they must be convinced that the remedies proposed 
are really efficacious. When a locust is affected by gammexane it 
may go off apparently unharmed and it may prove difficult to 
convince the farmer that it will eventually succumb. It would be 
advantageous, therefore, if an insecticide with a quicker “ knock- 
out ” effect could bo devised. The danger of using a material 
poisonous to stock has been obviated to a large extent, but there 
still remains the -high cost of transporting large quantities of bait 
in the form of bran, hay, or grass to the spot. Experiments to 
get over this difficulty have now been initiated. 

The difficulties and cost of the method of ground baiting 
naturally led those engaged in these operations to consider whether 
it would not be possible to effect control from the air by means 
of suitable dusts or sprays. Considerable progress has been made 
in recent years in the control of certain insect pests by means of 
sprays or dusts distributed by aircraft, as, for example, the control 
of the Boll weevil in the cotton fields of America, and by some of 
the work undertaken in Soviet Russia, but thase methods have 
only been applied to a previously known and stationary target, 
such as a field crop or a forest which is being damaged by a pest. 
With ioousts the problem is more complicated, as the insecticide 
has to be applied to a swarm which only remains for a short time 
in a given area. Further, the actual location of the swarm may 
only become known immediately beforehand and it may be outsttfo 
the range of the nearest airfield or landing groimd. The time 
during which dusting is possible depends maiffiy on the factors 
which cause tl»e locust to rest on the ground or on v^etation or 
to take wing again. These factors are not yet clearly understood 
and indicate the need for more research, but, as the urgency for 
trying out new methods of attack was at the time extreme, it was 
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decided to make immediate trials rather than to postpone the 
effort indefinitely until fuller information was available. Accord- 
ingly with the willing co-operation of Middle East Air Command 
a small Anti-Locust Flight was organised and equipped with 
dusting apparatus. 

The first trials were intended to be carried out in Baluchistan, 
but as, for some unpredictable reason, the locusts failed to material- 
ise in that region, the Flight was transferred to Kenya, where 
opportunities for field tests were found. 

The practical results of these tests with dusts were rather 
disappointing. The poison used, D.N.O.C. (di-nitro-ortho-cresol) 
dust, proved to vary in its toxicity, apparently due to variations 
in the air humi^ty. Further, the lethal dose per acre was found 
to be so high that it was impossible to cover the swarm within 
the time, with the type of aircraft available. Nevertheless, the 
experience gained was extremely valuable, as the complex nature 
of the problem became evident. A clearer idea of the kind of poison 
reqiiired and the type of aircraft and distributing apparatus neoessary 
was obtained, and this has led to the formulation of a definite 
programme of research to solve those problems. Incidentally it 
was found that D.N.O.C. when used as a dust from the ground 
proved effective against hoppers. However, one of the disadvan- 
tages of the dusting method as compared with baiting is that the 
machinery needs skilled labour and technical supervision, which is 
costly and not always readily obtainable. 

In 1946 the opportimity was taken, while service aircraft and 
personnel were still available in the Middle East, to carry out 
triab with sprays instead of dust. These trials were under the 
circumstances rather makeshift, as much improvisation had to be 
undertaken. Different methods of spraying from the air were 
tested, namely, “ air-to-ground ” spraying against settled locusts, 
“ aerial-curtain ” spraying against fully flying swarms, and “ static 
curtain ” spraying against rolling swarms. Preliminary experi- 
ments on another species of locust made at the Pmton Eeaearch 
Station in Wiltshire, to whose willing co-operation in research 
matters the Anti-Locust Centre is greatly indebted, had indicated 
that a certain strength of D.N.O.C. in a mixture of gas and lubri- 
eatiing oil might prove effective. It was realised at the start that 
information about the toxicity of D.N.O.C. to flying locusts was 
not really adequate, that not enough was known about the 
bdhaviour of flying swarms in the field and other important matters, 
and that the tests were bound to be of a preliminary nature. 
CosKtitions for these trials were not entirely favoiurable, because all 
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the swarms met were “ rolling ”, i.e. partly flying and partly 
settled. Nevertheless, certain general conclusions were reached. 
It is considered that air-to-ground sprapng against settled locusts 
is capable of development into a control method as soon as suitable 
aircraft, such as helicopters, can be used for swarm reconnaissance 
and delimitation. Also that aerial-curtain spraying against fully 
flying swarms is a promising method and should be the subject of 
further research immediately. It promises the economical protec- 
tion of one region from invasion from another. It is considered, 
however, that static-curtain spraying against rolling swarms has 
only a limited application, but should not be abandoned unless 
other modes of attack in this kind of swarm can be evolved. 

The main re.snlt of these extensive measures against the desert 
locust, during the war period, was that an opportunity was afforded 
for trying out theories and now methods of control, but it soon 
became obvious that before some of these ideas could be really 
applied on a large scale much more definite information would 
have to be obtained and that the answers could only be supplied 
as the result of research, much of this being of a fundamental 
nature. 

Accordingly it was decided to widen the scope of the Anti- 
Locust Centre in London. Since 1929 it has functioned as a small 
section of the Imperial Institute of Entomology, but in 1946 it 
was established as an independent research institution, financed 
by grants from the several British Overseas territories that are 
affected by the locust plague and from the Colonial Research and 
Development Fund. The staff has been increased to meet its 
enlarged functions ; Dr. B. P. Uvarov continues to be the Director, 
with Dr. D. L. Gunn as Principal Scientific Officer. The latter 
officer had gained much experience whilst supervising the field 
experiments and trials in the Middle East, which have been 
mentioned above. The research activities of the centre are directed 
by a Scientific Committee consisting of specialists in entomology, 
insect physiology, ecology, meteorology, toxicology, and aircraft 
methods of insect control. All are members either of a University 
or a scientific institution which is likely to be interested in one of 
the many problems awaiting solution. 

The investigations carried out by the Anti-Locust Centre during 
the pre-war years have, as has already been mentioned, led to 
much enlightenment on the problems that obscured locust control. 
The large-scale field experiments that were rendered possible during 
the latter part of the war period widened our knowledge in many 
respects and pointed the way to several new and promising lines 
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of attaok. At the same time it is realised that there are many 
gaps in our knowledge which will have to be bridged before really 
practicable and efficient measures can be recommended for routine 
application for dealing with future locust outbreaks. Many of 
those problems involve fundamental research and will need to be 
carried out in the research laboratories in this country, where 
facilities exist for carrying out the necessary studies. It would be 
utterly impracticable to attempt to conduct such investigations 
under desert conditions. Nevertheless, it is realised that the 
research worker ir^ England must make himself familiar with 
conditions in the field and it is highly desirable therefore that, 
where ijossible, visits should be arranged, so that he may be able 
to acquaint himself with the habits of the locust under natural 
conditions. 

It is not proposed to organise further extensive research at the 
Anti-Locust Centre itself. As has been mentioned, accommodation 
is strictly limited, and the provision of the extra laboratories 
would hardly be justified, since it w'ould mean duplicating special 
equipment which is already available at other research institutions 
in this country. The Centre has already undertaken certain lines 
of investiga^tion and will therefore continue its biographical and 
climatic researches. It will also continue to breed locusts to meet 
the requirements of other research workers in this country. Locusts 
have been bred at the Centre in the British Museum (Natural 
History) for years past, but the technique of producing locusts of 
the desired phase in numbers is still insufficiently known. For 
example, research is needed to find out the best diet for locusts 
in captivity. There are several investigations of a fundamental 
nature which need to be organised extra-murally. Some of these 
are already being handled adequately, othei^s it is hoped will be 
investigated wdth the assistance of members of the scientific com- 
mittee. It will be worth while, at this point, to consider some of 
these fundamental problems which it is hoped will be examined in 
the research laboratories in this country. There is, for instance, 
the problem of contact poisons. As has been mentioned in an 
earlier part of this note, considerable progress has been made with 
the introduction of gammexane in place of sodium arsenite, and 
there is always the possibility that furtiier contact poisons of even 
greater potentiality may be developed. The great drawback to 
this baiting method is the high cost of transport involved in the 
conveyance of large quantities of bran or other fodder and of the 
labour required to handle it. As the outbreaks usually occur in 
sparsely inhabited districts, or even in desert regions, there is also 
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the profaJem of supplying rations and water for the staff employed. 
Any measure that can be devised to cut down these costs will 
therefore be a definite advance. Tliis has led to the consideration 
of the use of rolls of cheap fabric, such as hessian, which can bo 
impregnated with a suitable contact poison. The suggestion is 
that this material should be unrolled in the path of an advancing 
swarm. The locusts will have to cross this “ magic carpet ” and 
so will make contact with the poison and succumb to its effects. 
The carpet can then be rolled up and used over and over again. 
The project is not so fantastic as it might appear on first con- 
sideration. In fact, small-scale tests in this country have already 
shown that gammexane may prove a suitable poison for this 
purpose and that any locust that crosses over the “ carpet ” will 
succumb. Steps are therefore being taken to test out the scheme 
under fidd conditions in Africa as soon as possible and the results 
will be awaited with interest. 

Problems ooimected with the physiology and the mechanics of 
locust flight need study. The preliminary trials with spraying 
from the air have shown that more knowledge is required about 
the factors affecting the structure and density of swarms, their 
ground and air speed and so on. Our present knowledge of the 
mechanics of locust flight is meagre and exact studies in a laboratory 
equipped with a wind tutmel may prove necessary. Such studies 
may help us to understand the physiology of the flying locust and 
shed light on the reasons for long-distance migrations. 

Work is also required on the physiology of vision. Recent 
work: tends to attribute importance to visual reactions, not only 
during mass movemcoits, but also in the process of swarm formation 
and the maintenance of cohesion, but our existing knowledge is 
extremely limited. 

Again there is the question of phase physiology. It is believed 
that the basis of locust swarming is to be sought in physiological 
ehanges associated wdtb the visible phase variation in cdour and 
sfamoture, but no serious work on tho general metabolism of the 
different phases or on the significance of pigmentation has yet been 
undertaken. Such work can only be carried out in special labora- 
tories by physidogists and biochemists. 

Anothw problem refers to migration cycles in their relation to 
ohmatio considerations, and several other lines of work which need 
to be investigated could also be mentioned, but enough has' been 
said to indicate the scope for fundamental work of this notate in 
this county. With the assistance of members of the Soieotifio 
Committee, it is hoped to secure the oo-operatiion of certain specially 



SCIENTIFIC LOCUST CONTROL 


47 


equipped laboratories by offering research grants, and so secure 
the services of well-qualified research workers who would undertake 
some of these lines of research. 

In conclusion, an endeavour has been made in these notes to 
show how the war on the locust has in recent years at last moved 
from the defensive, in which condition it has remained throughout 
the ages, to the offensive. The action taken by the Anti-Locust 
Centre, backed by the British Government, to achieve this position 
has been indicated and the effect of war conditions in stimulating 
activity described. Great progress has been made in the last 
twenty years, but big problems remain to be solved. The need for 
fundamental research in this country and of applied research in 
the regions affected by locusts is abundantly evident, and the need 
for the closest co-operation of all workers on these problems is 
obvious. The enthusiasm and energy excited by war conditions 
must not be allowed to die away. 



COSMIC RAY MESONS 

By J. a. WILSON. M.A.. Ph.D., F.Inst.P. 

Lecturer in Phyeice at the Vnivereity of ManchMUr 

1 . In one of the classical experiments of cosmic ray physios, Bothe 
and Kohlhorster showed that, contrary to expectation, the very 
penetrating part of the cosmic ray beam consisted of charged par- 
ticles. These, the “ hard ’’ particles, as they came to bo called, 
were readily identifiable in cloud chamber photographs when these 
were taken, and such photographs gave much more detailed infor- 
mation about them, for in the cloud chamber the particle momentum 
may be measured from track curv^ature in a uniform magnetic field, 
and the ionisation density along the track determined as a function 
of momentum. Although all the penetrating particles were likely 
to be of a kind, particular significance attach^ to those particles 
of cosmic rays photographed in the cloud chamber which were 
clearly of the penetrating group and which lay in the particular 
momentum range 2*10® ev./c. — 710® ev./c.* Below the lower 
limit, particles unambiguously belonging to the jxjnetrating group 
were not identified in the earlier measurements, but within this range 
the density of ionisation of the particles was such that it was possible 
to say with certainty tlxat they were not protons, for the upper 
limit of momentum quoted is that below which proton tracks in 
the cloud chamber become conspicuously heavily ionised, while the 
corresponding tracks of [x^netrating cosmic rays were of the thinly 
ionised condition characteristic of all singly charged particles at 
extremely high energy. 

If these particles were not protons, it was equally certain that 
their behaviour was not that to be expected of electrons. At high 
energies, the loss of energy by electrons should be predominantly in 
radiative collisions ; the rate of loss should be proportional to 
energy and of such a magnitude that electrons would be essentially 
non-penetrating. Two interpretations were possible of the pene- 
trating nature of the hard cosmic ray particles : either the large 

The electron volt divided by the velocity of light is a convenient unit 
of momentum for problems involving very energetic particles, since under 
extren^e relativistic conditions momenta in these units and energies 
measured in electron volts are numerically equal. 
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loss of energy in radiative collisions predicted by theory is sup- 
pressed at high energies, or the particles are not electrons but are, 
rather, heavier particles for which radiative loss of energy would not 
become important in the practical range. Of these alternatives, 
the former was first postulated, partly because the temper of the 
time was against the ready acceptance of completely new types of 
fundamental particle, partly because the sc^paration at a momentum 
limit of about 2* 10® ev. /c. of soft particles (normal electrons) below, 
hard particles above, is remarkably complete, and partly because 
this particular limit is, to order of magnitude, that at which the 
classical self-reaction forces of a radiating electron become of com- 
pelling importance. It was supiK)8ed [1] that at this momentum 
a cut-off of radiative collisions takes place and that at still higher 
momenta the radiation emitted by a fast electron traversing matter 
is negligible. Three lines of evidence served to make the position 
outlined untenable : 

(i) Anderson [ 2 ] showed that the real distinction between hard 
and soft particles lay, not in a critical momentum limit, but rather 
in whether or not the particles in question were shower particles ; 
particles causing showers, or members of showers of associated 
particles, were of one kind, probably electrons, and it was the 
particles which seemed not to be members of showers, but which 
appeared always alone in cloud chamber photographs, which were 
penetrating. 

(ii) Blackett and Wilson ( 3] showed that, whatever might be the 
reason for the absence of radiation by the penetrating particles, the 
scatt/cring of thc^e particles, which also takes place in the Coulomb 
field of the atomic nuclei of the matter traversed, showed no anomaly, 
and 

(iii) Williams [4J showed that it was necessary, if most artificial 
assumptions wen) to be avoided, that normal scattering should be 
accompanied by normal radiation, 

^ The credit for positive evidence of the alternative hypothesis, 
that the penetrating particles are heavier than electrons, belongs to 
Anderson, who obtained a photograph in which a penetrating particle 
reaches the condition of heavy ionisation in a cloud chamber working 
in a magnetic field. The mass of this particle was deduced to be 
about 200mo (wq — the electron mass), and the type of particle came 
to be known as mesotron '' or “ meson.** ♦ 

♦ Of various names put forward, “ meson ’* and “ mesotron ” have been 
extensively used. The latter was proposed by Anderson, but it was pointed 
but by Bhabha that oonsistenoy of derivation required the form meson/’ 
and ^is has come to be generally acx^epted. 
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2. Up to the present time, our only source of mesons is in 
cosmic rays, and it is useful to summarise the nature and quantity 
of the supply from this source. 

The sea level flux of mesons is about 100 per second across 
a horizontal square metre. Of these about 8 have momentum less 
than 5 x 10® ev./o., 16 between 6 x 10® ov./c, and 10® ev./c., 
and about 12 greater than 10^® ev./c. The remainder are in the 
momentum range 10® — 10^® ev./c. ; the maximum of the momen- 
tum spectrum lies at about 7 x 10® ev./c, [5]. 

The total meson flux increases rapidly with altitude and the 
increase is almost entirely concentrated in the low momentum 
region. Comparable spectrum figures at high altitudes are not 
available. 

The characteristic property of mesons in cosmic rays is their 
penetrating power. Direct measurements [6j have shown that 
mesons traversing matter suffer no additional loss of energy at all 
comparable with that due to ionisation of the material traversed, 
which may be regarded as an inevitable minimum for a charged 
particle. Thus mesons are as penetrating as is possible for charged 
particles. 

3. The discovery of a particle in nature with a mass about 200 
times that of an electron directed attention to a theoretical predic- 
tion by a Japanese, Yukawa, made in 1935, in which the existence 
of such particles was postulated. Yukawa developed a theory of 
the short-range force between the heavy particles in atomic nuclei 
in close analogy to the electromagnetic field. The static Coulomb 
interaction of electromagnetic theory with the potential ^ q/r was 

replaced by a short-range interaction of the form <l> ~ g (where 

r 

g is a chaige-Iike constant, and the range of the force is of the 
order 1/A) ; then, as the electromagnetic wave equation may be 
considered as giving the probability distribution of free photons, 
ao the corresponding Yukawa wave equation describes the fr^ 
motion of certain particles. Unlike photons, these have a finite 
% 

rest mass, fx -/C, {% = Planck’s constant/27t), and since, experi- 
c 

mentally, the range l/X of the nuclear forces is of the order of the 
okssioal electron radius, 

he 

c e* 6* 

The Yukawa theoiy, with afiBinities on the one hand to electro- 
magnetic theory, is dosely related on the other to the Fenni- 
Heisenburg development of fi-decaj and nuclear forces (see, for 
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example, 5, below). In particular, the electron’i^eutrino exchange 
of the Fermi theory has its analogue in a Yukawa particle exchange. 
The phenomenon of /5‘decay thus requires, in addition, that the 
Yukawa particle shall itself be unstable, decaying with the proto- 
type of p radioactivity into an electron and a neutrino. The moan 
Itfetime of this particle was estimated by Yukawa to be about 
0‘5 microsecond. 

When the possibility is recognised that the cosmic ray meson 
may in fact be the particle predicted by Yukawa (we will in future 
refer to this as the “ Yukawa meson ’’ or as the nuclcjar force 
meson *’), it becomes essential to know, firstly, whether cosmic 
ray mesons are unstable ; secondly, if so, what are the products of 
disintegration ; and, tliirdly, what is the lifetime of such a meson. 
Firm answers to all of these three questions are now available. 

That mesons do decay was first demonstrated as follows : the 
intensity of penetrating particles at a high -altitude station is 
measured, and also the reduction in intensity by a certain additional 
lead screen (some lead screening will be already in use'to discriminate 
between the j^enetrating and soft component ). Knowing that, so 
long as it exists, the loss of energy by a meson is almost exclusively 
by ionisation, we may calculate the thickness of air below the 
station of observation which is equivalent in ionisation effect to 
the additional lead screen. A third measurement of intensity, 
without the additional screen, is made at this depth in the atmosphere 
below the high station. A comparison is now available of meson 
loss in a thin lead plate and in an equivalent air layer ; if the loss in 
air is greater, the interpretation is that this is so because the air and 
lead layers are of differing thickness, because the largo air layer 
offers opportunity for mesons to decay while the small thickness of 
lead does not. This result wa»s in fact obtained, and the meson 
lifetime was found to be of the order one microsecond. The amount 
of decay which actually occurs in the air layer of such an experiment 
is small, for, while the distance travelled at the velocity of light 
(to which all mesons concerned approximate) in one microsecond is 
only 1,000 feet, the relativistic transformation of time measure- 
ments between the frame of reference at rest relative to the meson 
and the practical frame of our observations is by a factor p/^uc, 
where p is the momentum of the meson and its mass, a factor 
which for the majority of mesons is large. 

This direct demonstration was preceded by the observation that 
several obscurities of existing experimental material might be 
reik)lved by the postulate of meson decay. These included, notably, 
the differences of meson absorption coefficient in vertical and 
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inclined directions measured at heights in the atmosphere at which 
the equivalent mass thickness of the air layer traversed in the 
various directions was the same, and the observation that the 
cosmic ray intensity at sea level shows a strong negative correlation 
with atmospheric temperature. In the latter case, for example, we 
assume that mesons, being unstable, are of terrestrial origin ; since 
mesons are not observed to be produced in appreciable quantity at 
sea level, the production must, in the main, take place in the upper 
layers of the atmosphere. When the air is warm, the distance 
from these layers to sea level is greater than it is when the air is 
cold ; accordingly, the opportunity for mesons ereatc^d high in 
the air to decay before they reach sea level is greater when the 
atmosphere is warm, and the total number arriving at sea level is 
smaller. 

The direct experiment outlined above is not suitable as the 
basis of an accurate determination of the meson decay time. Quite 
apart from other uncertainties, the accuracy of such an experiment 
is essentially limited by that of our knowledge of //, which, we shall 
find, is not of high precision. Accurate determinations of the meson 
decay by Rossi and his co-workers [7] in America and by Freon [8] 
in lS:ance have been of a different kind. Traversing matter, a 
meson has a certain possibility of decay and has also an actual, 
continuing reduction of energy ; it is to be determined from the 
relevant constants whether, on the average, a meson is likely to 
decay while its energy is still considerable, or whether, on the other 
hand, the probability is large that the meson will be stopped com- 
pletely by the ordinary processes of energy loss before it has an 
appreciable chance to decay. It is found that, while in air a meson 
is likely to decay before it has been slowed down to rest, in solid 
absorbers the chance of decay before the particle has been slowed down 
to rest is negligible. Rossi and Freon, therefore, observe the time 
that elapses between a meson entering into and stopping in a block 
of medial, and the product of decay, an electron, leaving the block. 
They thus measure the decay of mesons at rest, and the result can 
be interpreted without the mediation of a Lorentz transformation 
of doubtful magnitude. The results of the two groups of observers 
agree excellently : 

Rossi and others Tq 2-16 ± 0*07 microsecond 

Freon — 2*2 ± 0*2 microsecond. 

The whole method of these measurements implies that the decay 
of mesons involves the emission of a fast ionising particle. The 
check of this fact is of the kind which is as a rule obtained by cloud 



OOSMIO BAY MESONS 


53 


ohamber methods, but in this particular case the situation is compli- 
cated, in so far as the conditions suitable for precise measurement 
are not the same as those leading to a high probability of detecting 
a decay event. A certain number of cloud chamber photographs 
exist in which the heavy track of a slow meson is seen to end in the 
midst of the chamber, and in which from the endpoint of this track 
the thin straight track of the decay particle is seen, making a random 
angle with the end of the meson track. There is little doubt that 
the thin track is that of an electron, but the precise measurements 
of energy which are needed to complete the identification with the 
type of decay predicted by Yukawa have not yet been made. How- 
ever, there are some examples in which it seems clear that no decay 
electron has been emitted. There are indications that it is the 
negative mesons that behave in tins way, and the discrepancy is 
interpreted as follows. Decay of the free meson at rest takes place 
only for positive mesons ; free slow negative mesons have a capture 
probability bj^ atomic nuclei that is high compared with the decay 
probability, and are therefore always captured before they decay. 
If this view is acc(»pted, it leads to considerations about the absorp- 
tion of a iheson by a nucleus which may be of the greatest theoretical 
importance. The situation is stiU not understood, but there are 
obvious difficulties in explaining the entry of an energy of 10® ev. 
without complete disruption of the recipient nucleus. 

5. The experiments described, and particularly those of Rossi, 
lead to a fairly accurate value of the lifetime of cosmic ray mesons. 
Since the qualitative correspondence between the cosmic ray meson 
and the Yukawa meson is complete, it becomes important to deter- 
mine whether this value can be incorporated into the theory in place 
of Yukawa’s rather smaller value. 

Re-examination of the Yukawa treatment which hM been 
carried out by Nordheira [9] and others leads to the conclusion that 
the cosmic ray lifetime value is not consistent with that demanded 
by nudear constants ; indeed, it appears that the Yukawa value, 
far from being low, is a large overestimate. This conclusion is 
based mainly on the value used by Yukawa for the O function of 
the Fermi theory of /?-decay. This quantity is determined from 
direct observations of ^-decay, and is -found to vary considerably 
according to the gi'oup of radioactive elements that is considered, 
although its value within a group may be reasonably constant. In 
particular, the light artificial radioactive elements lead to a value 
very much larger than do the heavy natural radioactive bodies. 
Yukawa uses the value for heavy elements, but it is precisely for 
this group that the constants of decay must depend to some extent 
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upoh quftDtities other than (?. It seems certain that the value 
deduced from light elemoite is to be preferred in estimating the 
meson lifetime. Making this adjustment, and others of less im- 
portance, Nordheim gives a lifetime of less than 10~* second, a 
value differing by a large factor from that of the oosmic ray meson. 

If the cosmic ray meson and the nuclear force meson cannot be 
regarded as one and the same single particle, the similarity between 
them is striking. This similarity is at present explained by the 
assumption that more than one kind of free meson may exist, and, 
while a meson with the revised Yukawa properties makes the chief 
contribution to /S-decay, the actual mesonic field involves com- 
ponents leading in the free state to cosmic ray mesons also, and, it 
may be, to other varieties. We refer later (8) to the MoUer-Rosen- 
feld theory of the nuclear field. These workers show that, for a 
certain form of interaction, the observed properties of the simplest 
nuclear structures demand a mi.\ed field involving both vector and 
pseudoscalar functions. The field will be described in this way both 
in respect of the interaction between nucleons and also during the 
process of formation of free mesons ; however, as soon as the mesons 
formed may be regarded as free, no significant interaction between 
the field components wiU remain, and there will be, for purposes of 
observation, a mixture of mesons of two or three kinds. It is still 
necessary, in this picture, that mesons of very short lifetime should 
result at meson formation, and up to now these have not been 
identified. Even if the lifetime of these so-called “short life 
mesons ” is as large as 10~* second (and there are grounds for sup- 
posing that it is very much less), the difficulties of detecting and 
identifying them are great, and the failure to do so is not to be 
regarded as an indication that such mesons do not exist. 

6. The classical observation of Anderson established that some 
mesons in cosmic rays have a mass of about 200mo. The question 
whether there is a unique mass, whether in fiict all mesons are of mnna 
about 200«»o, has in the last few years produced a variety of answers, 
partly because the theoretical position is sufficiently fluid to put no 
restraint on such speculations, and partly because the technique 
by which mass determinations in the mesonic range are made is 
capable of large errors which are almost immune from any process 
of check. These peculiarities of meson mass measurements are so 
important that some comment upon them is necessary ; we will 
first, however, state the conclusions which may reasonably be 
drawn from the existing evidence. 

Knowledge of the mass of cosmic ray mesons is based cm the 
study of the cloud chamber tracks of much less than fifty individual 



CX>8MIO BAY MBSOKS 


55 


particles. These photographs establish that the great majority of 
cosmic ray mesons are of about ISOmg, with a probable error of 
between lOrng and 20mo (the critical error study on which this figure 
is based is not complete enough to make a closer estimate of the 
probable accuracy possible). There is also evidence, not yet certain 
but compelling serious attention, that a relatively small group 
of particles are of mass about lOOOmg. At the time of writing, 
there is no comparable evidence of “ light mesons,” although such 
particles have from time to time been reported. The following 
table lists individual measurements for which the several authors 
claim accuracy of about 15 per cent, or better, and probably 
includes the majority of reliable values. 


Mass Measurembnts ok Individual Mesons 


Method. 

Observer. ! Mnss In Terms of w,. 

_ i 

Elastic collision 
with electron 

Momentum loss 
traversing plate 
Momentum and 
ionisation 

Leprince Kinguet 

Hughes 

Nisnina 

Wilson 

Williams & Pickup 
l^ielsen Powell 

*» tf 

»» f» 

f* t» 

240 ± 20 

090 ± 100 

180 + 25 

180 ± 20 

170 i- 20 

160 ± ao 

210 ± 20 

180 ± 20 

190 i- 15 

145 ± 30 


The determinations are based on three types of observation: 

(i) conservation relations for elastic collisions of mesons with 

electrons in which the energy transfisr from meson to 
electron is almost the maximum possible. Used in par- 
ticular by Leprince Ringuet and his co-workers [10]. 

(ii) simultaneous measurements of momentum and track ionisa- 

tion. For' example, Williams and Pickup [11]. 

(iii) measurements based on the range-momentum relation for 

a charged particle near the end of its range ; 

(iii) {a) mesons stopping in the gas of the cloud chamber, 
(iii) (6) using change of momentum for the traversal of a 
metal plate by a slow particle. Nishina [12], 
Wilson [6]. 

All of these are possible only for mesons for which v/o is appre- 
ciably less than unity, that is, for mesons in a small range of energy, 
which, moreover, are passing out of that range rapidly because of 
the increase of ionisation with decreasing velocity. Measuremmiits 
are, therefore, possible only for a small fraction of mesons. 

Although other fiaoton are involved, that which effects all 
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methods critically is the measurement of momentum. The pre- 
cision of this quantity is governed by uncertainties of two distinct 
types : first, the uncertainty of the actual path pursued by the 
particle, arising from the scattering of the particle in the electric 
fields of atomic nuclei ; secondly, the shortcomings of technique 
which introduce errors between the actual description of a particle 
trajectory and its eventual measurement as a cloud chamber track 
photograph. The second factor, which is not assessible without 
intimate knowledge of the history and routine of a particular 
apparatus, is the chief obstacle to the correct weighting of various 
determinations ; broadly, however, it becomes less serious as the 
magnetic field in which momentum is measured increases. The 
first, w'hicli has been the subject of an important study by Williams 
[13], is much more serious than was at one time reaUaed, and seta 
a fundamental limit to the performance of any particular arrange- 
ment of apparatus. It also becomes less important with increasing 
magnetic field, but at any particular value of field sets a limit to 
attainable accuracy. This limit may be reduced by using a gas in 
the cloud chamber which scatters less (i.e. one composed of atoms of 
low Atomic Number), but this remedy is unfavourable to methods 
(i) and (iii) (a), which depend on the amount of scattering or on 
closely associated properties for the frequency of occurrence of the 
event sought, a frequency which is always t/ediously low. For the 
accuracy which has already been reached, it excludes tlie use of 
liigh -pressure chambers in all fields, method (iii) (a) in all fields and 
all other methods in low fields (up to 1000 gauss). Method (i) reaches 
maximum accuracy at a certain intermediate value of field (3000- 
4000 gauss), but the other methods gain continuously with increasing 
field. The methods likely to lead to more accurate determinations 
than are now available are (ii) and (iii) (6) ; method (i) is in most 
factors comparable, but here increased accuracy is purchased only 
by coming to a quite unacceptably slow rate of occurrence. 

Measurements at all comparable with those by which the electron 
and proton masses are known are not yet in sight. It is most un- 
likely that the existing technique in which two measurements, often 
with conflicting requirements, are made in a single cloud chamber 
is capable of an order of magnitude improvement, and it is probable 
that the next advance will make use of systems of cloud chambers, 
each adjusted to the optimum conditions for a single variable. 
The fibpst actual step in this direction was reported at the Physical 
Society Conference in Cambridge (July 1946) by Leprinoe Ringuet. 

The evidence for the possible heavy meson rests on early obser- 
vatioM by Williams md Pickup [11] and Anderson [14], setting 
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rather wide limits, and on observations of two kinds by Leprince 
Ringuet [16], one of which appears in the table of accurate values. 

The decay of fast mesons while traversing a layer of the atmo- 
sphere is essentially a measure of the quantity xjfi, and Rossi 
and his co-workers [16] have carried out experiments in which 
attention is confined to particular groups of mesons covering in each 
case a definite small range of momentum. They give the result, 

^ = (8-3 -f 0-6).10-« cm. c/ev. 

which, combined with the accurate rest determination of To, leads 
to 

^ ^ 155tno. 

If this result could be assumed free from disturbing factors, it would 
rank as the most accurate value of ; it would be of particular 
interest, moreover, because it is an average value taken over all the 
penetrating particles in a given momentum group. However, the 
possibility cannot be excluded that a limited amount of meson 
formation takes place within the layer of atmosphere considered. 
It is better to take this result together with the accepted matss 
determinations as an indication that meson formation in these layers, 
if occurring at ^.ll, is on a very small scale. 

7. The preceding paragraphs emphasise the difficulties which 
attend measurement of even the simplest and most direct propeities 
of cosmic ray mesons. These difficulties are enhanced when the 
finer properties of mesons engage attention, and the results at present 
available are meagre and uncertain. It is probably correct to 
regard the provision of data in this field as the most pressing require- 
ment of experimental fundamental physics to-day. 

Important properties to which attention has been directed are : 

(i) spin ; 

(ii) interaction with nucleons without capture (nuclear scat- 

tering) ; 

(iii) production ; the main process in the atmosphere, probably 

nucleon- nucleon collisions ; 

(iv) production ; in largo electron-photon cascades, probably 

photon-nucleon collisions ; 

(v) capture of slow negative mesons by nuclei. 

We will discuss only (ui) and (iv) in any detail ; of the other 
headings, (v) has already been referred to, the spin (i), which is 
certainly from general considerations either 0 or 1, has been studied 
by Lapp and others, with results which can scarcely yet be regarded 
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as conehiaive, and the scattering (ii) has been measttred by Wilson 
[17], Code [18] and Shutt [19] to order of magnitnde, although the 
important energy variation has not yet been established. 

We have already quoted strong grounds for supposing that 
almost all meson production takes place high in the atmosphere. 
It is possible to use the temperature coefficient of meson intensity 
and the directional anomaly of atmospheric absorption to arrive at 
an effective level of meson formation ; for most purposes this may 
be taken to be at a depth of one-tenth of the atmosphere from the 
top. 

Very extensive work has been done by Schien and his oo-workers 
to investigate the region of meson formation by means of counter 
systems carried by free-sounding balloons, but the inteiq>retation of 
this work suffers seriously iKXiause of the high intensity of soft cosmic 
rays which is present, the effect of which it is difficult to determine. 
Balloons will not carry the thick layers of lead screening which 
would effectively exclude the disturbing influences. 

It is on account of these screening difficulties in balloon work 
that the best study of meson formation yet available is that carried 
out by Janossy and his colleagues in Manchester during the last few 
years, at sea level where the rate of meson formation seems to be 
only of the order 1 in 10‘ existing mesons. The drawbacks of a 
very slow rate of production have been more than met by the free- 
dom of geometry, by continuous counting for months on end and by 
the availability of any reasonable amount of load screening. This 
work was initiated to study so-called “ penetrating showers ” — 
associated particles capable of proflucing effects at penetrations in 
lead very much beyond the range of electron cascades ; it therefore 
strictly detects meson formation only under conditions where two 
particles at least are suitably associated, but Janossy has pointed 
out that, particularly in heavy elements, this must be expected to 
be the rule, for the cross-section of a nucleon-nucleon collision is 
such that, if a collision takes place with one nucleon, others will 
almost certainly take place with other nucleons in the same nucleus, 
and so a group of several mesons will be formed by collisions at a 
single nucleus. 

The results of this group of experiments can be summarised as 
follows. Penetrating particles, almost certainly normal mesons, 
are formed by isolated entrant particles, probably protons and 
neutrons. Only one meson-producing particle is found at sea tevel 
for about 10® mesons, and the precise number exhibits an extremely 
strong barometric effect, the effbct, we think, of alterations of the 
thickness by weight of matter through which the partiotea eixtmuig 
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the atmosphere must pass to reach us at sea level. ^ The tiuokiiess 
reducing the number of particles to a fraction 1/e appears to be 
100 gm./cm* in air, and this implies that, of incident cosmic ray 
primaries reaching the atmosphere from outside the earth, only a 
fraction can reach sea level. The production of associated 
groups of penetrating particles by this incoming component shows 
a transition curve in lead placed above the apparatus which approxi- 
mately saturates in from 6 to 10 cm. of lead. The transition efficien- 
cies of lead and paraffin in similar geometries have been compared, 
and the efficiency is found to be mass-proportional. Superposed 
upon this effect is a second of great importance, which has been 
separated from the first in an investigation by Janossy and Broad- 
bent [20 1 (this reference also covers, directly or indirectly, the greater 
part of other work by this group of workers), t^netrating showers, 
that is, closely associated groups of at least two meson-like particles 
are found also to be associated with the dense parts of extensive 
ail’ cascades. Broadbent has shown that these are certainly 
secondary to the electron-photon complex of the shower, and gives 
evidence that they ai'e particularly located in the core region. He 
further shows that here tlie density of mesons in the shower has a 
mean value as high as about one in fifty particles. The implications 
of this work are not yet fully worked out. It is clear that the 
second effect covers a distinct- mode of meson production, involving 
light particles (electrons or photons), and it may well be that the 
mesons formed in this way are not identical with normal mesons. 
This speculation, and the problem of the disposal of the rather large 
numbers of mesons which appear to be produced, are subjects for 
early clarification. 

The theoretical treatment of the problems of meson production 
has been given by Hamilton, Heitler and Peng, and by Heitler and 
Walsh [21]. Although yielding valuable results, the treatment also 
servos to emphasise the limitations of the existing formalism as 
applied to meson problems. It is necessary, for example, to treat 
the important nucleon-nucleon collision in the WeizsAoker- Williams 
semi-olaseical approximation, for a rigorous treatment is much more 
intractable than is the corresponding radiation problem. But the 
validity of this method is open to serious doubt ; can, for example, 
the transformation from proton to neutron or vice versa properly be 
regarded as a small perturbation ? 

8. It has been the intention of this article to discuss the expari- 
mental background of the eoemio ray mesons, but fwquent refatenoe 
has been necessary to the meson field theories of nuclear force which 
have coaose into prommenoe since the existence of mesons was 
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established, and which provide the main reason for the importance 
attached at present to cosmic ray in\'estigation8. 

The general picture of meson theories to-day is unsatisfactory : 
mdre is needed than the application of the existing treatments, and 
the time is ripe for fundamental advances. Meanwhile the situation 
offers a close parallel to that of atomic theory in the early 1920’8. 
Yukawa’s theory, as was that of Bohr, is clearly correct in broad 
terms, but the superposed pieces of machinery, now as then, are 
laboured efforts. The paucity of definite and precise experimental 
data, moreover, is a most severe handicap. 

It is perhaps useful in conclusion to summarise the main guiding 
ideas behind the most effective detailed theoretical development, 
that of Moller and Rosenfeld [22]. This treatment postulates meson 
fields corresponding to both charged and uncharged particles com- 
bined in a way due to Kemmer, which leads to approximately equal 
interaction both between like nucleons (that is, proton -proton or 
neutron-neutron) and between unlike nucleons (neutron-proton) ; 
both the broad features of nuclear structure and the results of scat- 
tering experiments make this approximate equality of interaction 
essential. Wave functions respectively of scalar, pseudosoalar, 
vector and pseudoveotor type, leading in each case to wave equa- 
tions satisfying the conditions of relativistic invariance and definite 
positive energy, are then developed. A static interaction between 
nucleons is separated by methods analogous to those leading to the 
Coulomb interaction in electromagnetic theory, and the significance 
of this separation is discussed. Finally, Muller and Rosenfeld 
proceed to distinguish between the four types of wave function which 
are formally possible, in terms of two criteria. Firstly thdy consider 
the treatment of the strong dipole interaction arising from a pure 
vector wave function, and give reasons for rejecting treatments of 
this interaction by means of cut-off conditions. They conclude, 
therefore, that the acceptable combination of wave functions must 
be chosen from the outset so that the dipole interaction is zero. 
Secondly, they introduce the known properties of the simplest atomic 
nucleus— the deuteron. Scattering experiments have shown that 
the static potential in the deuteron is attractive in two energy states ; 
the two states have been identified and the energies determined. 
These fiwts, together with the elimination of the dipole interaction, 
are sufficient to determine a combination of the four types of wave 
function. If only two are combined, these must be the vector and 
pseudosoalar functions, and, although a mixture of more than two 
types could not be distinguished on these criteria, these two funbrions 
necessarily occur, and the simplest alternative is adopted. 
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As is pointed out in an earlier section, the combined meson field 
function derived in this way will lead, in processes in which free 
mesons Are produced, to a simple mixture of different kinds of free 
particle. Only one of these particles has up to now been identified 
with certainty and provided with experimentally determined 
constants. The possible existence of other mesons is thus a critical 
point ; and there are good reasons for supposing that two most 
promising indications on the subject lie in the heavy mesons identified 
by Lc^prinoe Ringuot and in the cascade-produced mesons studied 
by Janossy and Broadbent. 
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RECENT WORK ON FLAGELLAR 
MOVEMENT 

By a. a. LOWNDES 

Marine Itiologiral lAtboratory, Plymouth 

Introduction 

Probably everyone is familiar with the common monoflagellate 
organism, such as Euglena, consisting of a single cell with a flagellum 
attached, and in our student days most of us were taught that by 
the simple lashing of this flagellum the cell was either pushed or 
pulled through the water. 

The matter is, however, far more involved than would at first 
appear, and is of fundamental imjjortance from the jx)int of view 
of evolution, for, while we are fully familiar with limb-movement 
whereby a limb is fi'eely moved by means of muscles controlled by 
nerves, in the monoflagellate we have free movement taking place 
within the flagellum in which there is not a vestige of a sign of either 
nerve or muscle. 

The matter becomes still more interesting when it is remembered 
that the flagellate organisms were probably the first free-swimming 
organisms to appear in the Earth, and possibly the first living 
organisms which ever existed. Finally, flagella or cilia occur almost 
throughout the whole realm of living organiHins in some form or 
other not excluding man himself, where they play a vitally important 
part in reproduction and also in most of the sense organs. 

However, we are here concerned chiefly with flagellar movement, 
and the main point to be discussed is “ How can a flagellum by its 
simple wagging from side to side propel the cell and where does 
the energy come from ? 

A great impulse was given to the investigation, in tliis country, 
by the publication in 1928 of Ciliary Movement by James Gray, and 
in the preface to this book Gray states : “ Any real conception of 
ciliary movement must eventually rest on a proper understanding 
of the hydrodynamioal problems which are involved. At present 
little is known of the forces which surround very small elongated 
structures which are moving through the water at very low speeds. 
In a few places I have tried to indicate the value of such knowledge 
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and in doing so 1 have run considerable risk of error. Should such 
errors attract attention and thereby lead to a better understanding 
of the facts, one of the main purposes of this book will have been 
fulfilled.” 

It was certainly Gray’s work which stimulated my own investi- 
gations on flagellar movement, but unfortunately it would appear 
that many who have read parts of Ciliary Movement and copied its 
statements word for word failed to observe the caution mentioned 
in the preface ; and finally some of the errors which have since 
come to light, such as the misrepresentation of Krijgsman’s diagrams 
of the swimming of Monas, or the misstatements about the swimming 
of Peranema “ after Verwom ” can hardly be described as incorrect 
speculations. 

Flagellar Movement 

This will be discussed here under the following headings ; 

(o) The structure of the flagellum. 

(6) The relationship of the flagellum to the cell. 

(c) The nature of the origin of the energy within the flagellum. 

(d) The mechanics involved in locomotion. 

The Structure op the Flagellum 

There is no need to discuss this point in the following article, 
since it has been dealt with so ably in the U.S.A. by Harley P. Brown 
who, by means of the electron microscope, has established the 
following facts. 

(а) The flagella studied are of approximately imiform diameter 
throughout their entire length. 

(б) Each flagellum consists of a denser axial core (axoneme) and 
a less dense sheath surrounding the core. 

(c) The core, in the flagella of Euglena and Astasia, appears to 
consist of two closely approximate fibres of equal site. 

(d) The sheath appears to contain or consist of a coiled fibre 
which encircles the axial core in a helix. 

(e) In many flagella there are either single rows or numerous 
rows of delicate filaments or “ iTimmer.” 

Elxoellent photographs are given of all these structures and for 
finrther details the original paper must be consulted. 

The Relationshif of the Flagellum to the Cell 

The point at issue here is, or was, “ Does the cell supply the 
fiagelhun with all its energy or does the flagellum generate its own 
WMrgy ? In other words, is the flagellum an active unit, so far 
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as energy is concerned, or is it completely passive ? Gray argued, 
though partly on quite false grounds, that the flagellum could not 
be a passive unit. However, he put forward a suggestion by which 
this point could be proved. 

The following will, I think, illustrate the line of investigation 
which was carried out. 

Fig. 1, Plate I, Shows a piece of fine string about 6 feet long 
suspended from the spindle of a small electric motor. 

Pig. 2, Plate I, shows the same string when the motor is in motion 
and the string rotating fairly rapidly. 

Obviously energy is being supplied to the string from the one 
end only, and since the string is doing work in overcoming the 
resistance of the air the energy is getting less and less towards the 
free end of the string. This shows itself by a regular shortening of 
the waves. 

It i^ true that there is a very slight increase shown in the ampli- 
tude of the waves but this need not be discussed here. Suffice it 
to say that both wave-length and amplitude could not remain unaltered 
unless some means were found to supplement the energy within the 
string itself. In other words, under the influence of impulses 
generated at the one end only, either the wave-length or the ampli- 
tude must decrease. 

The same holds good for the flagellum, for as the waves pass 
along it they must be doing work in overcoming the resistance of 
the water, and unless the energy is reinforced the waves must get 
either slower and slower, or shorter and shorter, or the amplitude 
must got loss and less. 

Waves passing along the flagellum on the monoflagellate Per- 
anema have boon investigated by means of the film and it has been 
proved that as they pass along from base to tip of the flagellum there 
is a definite increase in velocity accompanied by an increase in 
amplitude. Hence the energy imparted to the flagellum from the cell 
must be supplemented by energy generated within the flagellum 
itself. 

The Nature of the Origin of the Energy within the Flagellum 

Since the flagellum is now known to consist of an axoneme, a 
sheath, and an outer surface covering, it would seem highly probable 
that energy derived from the cell in transmitted to the flagellum 
by the axial core and supplemented by energy generated as a surface 
reaction in the flagellum. 

On this point there is no definite information, except that it is 
known that the rate at which the waves pass along the flagellum is 
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almost infinitely slow compared with the rate at which an impulse 
passes along a nerve fibre, and this is strongly suggestive that the 
energy in the flagellum is transmitted as a surface reaction, or in 
other words the energy is transmitted from molecule to molecule. 
It should be noted, however, that the structure of the protozoan 
flagellum as revealed by the electron microscope is practically 
identical with the stnicture of the sperms of the fresh-water ostracods. 
These sperms are higlily motile under the proper conditions and, 
since they are relatively enormous, they can be examined and even 
dissected under quite low powers of the microscope. In these 
sperms it is definitely established that there are two types of move- 
ment, one of which is definitely due to the axial core, while the other 
is equally definitely due to a surface reaction. The counterpart of 
the protozoan cell is practically absent in the ostracod sperm, the 
sperms comprising something of the order of 99*9 |)er cent, flagellum. 

In the protozoan flagellum, in the absence of definite information, 
it is only reasonable to suppose that the initial impulse is generated 
within the cell and transmitted through the axial core and the impulse 
is of a chemical nature. This impulse is, in its turn, supplemented 
by the surface leaction, but I would stress the point that, so far as 
the protozoan flagellum is concerned, there is no definite information 
beyond the very slow rate at which the waves are propagated along 
the flagellum. 


The Mbohanios involved in Locomotion 

The probUun is a difficult one and one on which there has been 
a great deal of controversy. For a verj^ able discussion of this 
controversy Harley Brown’s paper should l>e consulted with its 
very full list of references. 

Gray thought that the waves or impulses could start from either 


Dirttetfon of \^aves 


of orgoiii 9m 


Direct ton of wavos 


Fxo. 3.*-^l>iAgrain slluAtraiiag the dependenoe of the direotiou of movement of 
an organism on the direction of the waves which pass along its Hagellum. 

1. The wavee originate at the )>ase of the SageUutn ami travel etralght along It to Its tip : the anloval 
mevee etralght th/M with the SageUum Minting baokwiards. 

2. Tl^ waves orlgliiate at the tip of the aagmlum anti paae to its base : the animal moves with the 
Sagetttfiii in fTottt. 

g. The wavee originate at the base of the flagellum and pass along and round it in a clockwise direction : 
anUmd moves mth the flagellum behind and at the same time rotates in an anti>cloclcwUe direotion. 
4. The waves originate at the tip and pass iMokwards with an anti»cli>okwiae rotation : the animal 
I with the fla^um in front and rotates In a olockwlse direotion. 
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end of the flagellum and the waves might be of a spiral nature in 
some oases, while in others the vibrations could be confined to one 
plane only. 

The diagram (Fig. 3) on page (>5 taken directly from Ciliary 
Movement (p. 34, Fig. 33) gives Gray's solution of the problem. 

Unfortunately this diagram has found its way into numerous 
text-books, elementary or otherwise. It is true that it was put 
forward tentatively, but the fact remains that not one of the four 
figures given can be in any way ai)plied to any known monoflagellate. 
The film has shown that in all flagellate organisms so far investigated 
the waves or impulses always start at the base of the flagellum and 
never at the tip. All waves are of a spiral nature. 

In all simple monoflagellate or biflagellate organisms tlie flagella 
are always attached to the ant(Tior end. vSwimming is always 
accompanied by rotation and gyration. 

Actually this rules out both the older traotollum and pulsillum 
theories and leaves the road clear for the newer and less -speculative 
concept of the rotating inclined plane or the propeller. 

The final blow both to the tracteUum and pulsillum theories was 
given when it was discovered at Plymouth that the simple organism 
Monas stigmatica Pringsheim was capable of attaining a speed of 
over 40, or in other words it traversed over 40 times its own length 
in a second. No flagellum could either push or puli an organism 
through the water at this speed. 

There is no need to enlarge on the misconception of the tractellum 
theory, but since it still persists the following is added. The length 
of the flagellum of Euglena is practically two and a half times the 
length of the organism. Thus if the organism were 10 units long 
the flagellum would be 25. No. 4 of Gray's diagram is the only one 
which could possibly apply to Euglena (a so-called tracteUum). 
But Gray gives the rate of beat of the flagellum of Euglena (which 
is the rate at wliioh a wave passes along the flagellum) as 67 per 
minute, which is practically one beat per second, while he gives 
the relative speed of Euglena as 3~5 or, in other words, on our 
figures given above the organism would have a speed of from 30 to 
60 units per second. Thus the organism would be travelling at a 
greater speed than the wave in its flageUum which is supposed to 
be puUing it forward. Clearly if waves did travel from tip to base 
along the flageUum and draw the organism forward the speed of the 
waves would have to be considerably greater than the speed of the 
ceU. Gray has unfortunately given or quoted figures which make it 
less. Though we know very little about the forces surrounding very 
SmaU elongated bodies moving through the water at low speeds, 
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surely we know enough to realise that Qray’s inures present some- 
thing which is not in accordance with ordinary mechanics. 


Thb Propeller Concept 

It is impossible to explain this fully here but the following experi- 
ment (Pig. 4), readily done by anyone, will, I think, make the con- 
cept clear. C is a small electric motor with a cork attached to the 



spindle. A small stick A (a part of a dissecting needle) is attached 
as shown. On starting the motor the stick or elongated body is 
made to both rotate and gyrate, with the result that air is drawn 
in as indicated by the dame of a candle. It makes no difference 
whether the motor rotates in a clockwise or anti-clockwi.se direction. 

It is, of course, dangerous to compare a minute organism under 
water with a relatively large rigid stick attached to a motor, but this 
simple experiment was made the basis for a long series of experi- 
ments in which short flexible leather thongs were made to rotate 
and gyrate under water at very low speeds. 

From these experiments it was definitely established that so long 
os an elongated body is made to rotate and gyrate under water, the 
necessary component force was produced by which the organism 
would be driven forwards. 

Harley Brown carried the concept still further by carrying out 
an ingenious experiment in which he made a small model -of Moms 
stigmatica and caused it to rotate and g 3 n:ate imder water. He also 
carried out a series of swimming experiments under water in which 
he made himself his own mono-flagellate, and he has fully confirmed 
the oonoept. 
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So far then as the mechanics of propulsion are concerned, the 
matter can be summarised as follows. 

1. The pritnary function of the flagellum, in a monoflagellate 
organism, is to cause the organism both to rotates and gyrate about 
a certain axis which constitutes the main direction in which the 
organism is swimming. 

2. The mechanical principle involved is simply that of the 
rotating inclined plane or propeller. 

3. The flagellum itself may or may not produce an additional 
forward component. In Euglena whore it is swung back it actually 
does so, but in Menoidium where it is swung out at right angles 
it does not. 

4. There is no evidence of any kind that the waves ever start at 
the tip of the flagellum and thus constitute a tract/cllum. 

It is equally impossible for the flagella, in normally swimming 
organisms, to be attached to the hinder end of the organism and to 
push the organism through the water. 

A full list of references is given in Harley Brown's paj)or so there 
is no need to repeat them here but, apart from the investigation with 
the electron microscope, the paper is chiefly concerned with further 
experimental proof of the Propeller Concept, 
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“EX FUMO DARE LUCEM ” 

By M. SCHOFIELD, M.A., F.R.I.C. 

Lteturtr in Ohsmidry <U tM WoUv^hampton and St0Sford$hir* Tothnieal ColUg€ 

On the strength of Faraday’s dictum that man’s position in the 
scale of civilisation is measured by his methods of illumination by 
night, the efforts 150 years ago of William Murdoch and .Philippe 
Lebon to give to the world gasdighting are worthy of commem- 
oration. One must include the Frenchman’s name as well as that 
of Murdoch whenever the development of illuminating-gas is men- 
tioned. For although wood-gas with its high proportion of carbon 
dioxide was destined to pass into insignificance when ousted by 
coal-gas, to be burned under the Jumbo wood distillation retort as 
a subsidiary distillation product, Lebon’s thermo-lamps following 
his faith in wood as raw material for gas-making form a chapter full 
of import. Moreover, wood and coal distillation, apart from being 
developed in the same period by two pioneers working independently, 
were closely connected in products other than gaseous ones. In 
the rise of the coal-tar colour industry methyl alcohol played a 
prominent part ; and methyl alcohol in those days was always wood 
alcohol. 

The struggles of Lebon and Murdoch were likewise comparable 
in certain respects. Both were engineers of a kind, closely interested 
in ^team engines. Murdoch had his steam “ road engine,” a tri- 
cycle arrangement including a copper boiler and spirit lamp, a 
device which rather startled the Redruth vicar when he met it on 
the churchyard path by night ; and his later more major products 
designed while with Boulton and Watt, these including an oscillating 
engine and the casting of jacketed cylinders in one piece. Philippe 
Lebon — sometimes called D’Humberson to distinguish him from his 
brother-*— had passed first through the mathematical and drawing 
school of Ch&lons-sur-Mame and then through the fioole des Pouts 
et Chauss^es before becoming engineer in the corresponding Depart- 
ment of Bridges and Roads, and ultimately winning a national prize 
of 2000 francs for improvements to a steam engine. And both men, 
des|nte every drawback and discouragement to their schemes, 
became attracted to the idea of gas illumination in the same period, 
viz. in the 17»0’s. (This is to ignore early dabblings, possibly 
legendary at times, in destructive distillation. There is stUl told 
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the old Cumnock tale that Murdoch’s first essay in gas-making was 
attempted in an old tea-pot ; and a second version of his seeing gas 
issuing from a piece of coal in the fire, of his being inspired to use 
a pipe as retort and igniting the gas issuing from the stem.) There 
is probably more truth than any fireside reverie in Lebon’s first 
effort while visiting his father at his native Brachay, when he heated 
a glass vessel containing sawdust and ignited the issuing gas. 

In their urge to prepare gas as an illuminant from wood and 
coal, Lebon and Murdoch provided the stimulus which converted 
a carbonisation process into one of distillation. Wood distillation 
had been bom as a charcoal-burning process in Predynastic times ; 
had provided a black pigment for tomb paintings of the Nineteenth 
Dynasty ; and charcoal had to be made before the first smelting 
of metals. But no condensate was thought of, apart from tar which 
Pliny records as being recovered by roasting in ovens, the tar being 
used for preserving ships ‘‘ and the bodies of dead men.” But after 
Glauber in 1658 had shown the identity of the acid in pyroligneous 
liquor with that in vinegar, and Boyle had separated a “spirituous 
liquid ” from pyroligneous acid, the time was ripe for someone to 
go further and give us that distillation process which gave us wood 
alcohol as solvent, acetates as mordants, and acetone for cordite. 
That person was Lebon, providing the impetus in his gas-making 
researches to look to volatile products. Just 160 years ago, while 
Lebon was at work in Prance, the first British charcoal factory was 
set up on the borders of Sherwood Forest to provide charcoal for 
the Sheffield industry, a factory which was to become our first and 
foremost wood distillation factory. 

There is, then, the claim for better recognition of Lebon’s work 
on wood-gas ; the claim that, despite the ultimate eclipse of wood- 
gas as illuminant in face of Murdoch’s coal-gas, Lebon’s work 
brought on that early nineteenth-century activity in winning pro- 
ducts from forests and woodlands. Ovens and retorts with all 
kinds of condensing systems, designed for 3 delding a “ spirit from 
the wood ” more potent than the poet’s, were set up once methyl 
alcohol and acetic acid became recognised — ^for coal-tar dyes and 
in dyeing. C!oke displaced charcoal in the blast furnace, coal-tar 
creosote outbid wood creosote as preservative, coal-gas completely 
banished wood-gas; but still wood distillatioia was kept alive by 
demands set up in developing coal-tar dyes. What the child, of 
Lebon suffered in one direction from the more sturdy growth of 
Murdoch’s youngster, it gained in anothejr from the partnership. 
Lebon fitted up his first retort in the back-yard of his father’s house, 
conveying the gas to water-washers and thence to an inverted vat as 
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gas-holder. Like Murdoch he met with ridicule when he told his 
friends he would convey light and warmth from Paris to Brachay. 
Yet Fourcroy encouraged him, particularly when he began experi- 
ments on a larger scale at his house in the deserted grass-grown area 
of the lie St. Louis, which had suffered much in days of the Revo- 
lution. Here he came on frequent visits while engineer at Charente 
in Angouleme. He met the charge of his superior officer that he 
visited Paris too frequently by pointing out the importance of his 
process to Prance. In 1796 he was granted patent rights for a 
process Pour distiller au moym du Vide et du Froid ; three years later 
came his report to the Institut and his patent describing “ Moyens 
Nouvexmx d'employer les Combustibles plus utilement et d la Chaleur 
ei d kb Lumiire et d^en recueiller les Divers ProduitsJ^ Despite all 
criticism I^ebon continued with his fanatical faith in wood-gas. To 
meet objections to products of combustion escaping into the room 
in lighting, he introduced his '' thermo-lamp with tubes for admit- 
ting gas and air and a third one for leading off' combustion gases. 
In his house in the Rue St. Dominique he exhibitc^d a largo thermo- 
lamp distributing both light and heat, and illuminated his garden 
by gas-jets. He was flogging a dead horse where lighting was con- 
cerned ; for he failed to obtain subscriptions for 200 of such lamps 
which he proposed to make. (Paris was still illuminated by oil 
lamps as late as 1837.) But the manufacture of wood-tar for the 
French marine took up his energies, after the granting of a con- 
cession over a large stretch of forest near Havre where he set up his 
wood-tar factory. 

Meanwhile Murdoch, also begimiing with an iron retort set up 
in a backyard, became father of the coal-gas industry and recipient 
of the Rumford Medal with appropriate inscription : Ex fumo dare 
Imcem. There had been before his day one or two experiments on 
coal carbonisation. Tht^re was that early sniffing at a Spirit of 
coals ’’ described in a letter to the Honourable Mr. Boyle by the 
Rev. J. Clayton, D.D., an experiment which must have ^een made 
in the latter half of the seventeenth century before Boyle’s death in 
1691. Clayton, after noticing the water in a Wigan ditch '' seem- 
ingly burn like brandy,” found some coal below, distilled it in some 
crude form of retort, and obtained first a ” phlegm,” then a black 
oil, and also an unoondensable spirit. Coal had been coked at an 
ironworks abroad before Murdoch’s work, yet no one had troubled 
to investigate when gases from the retorts became ignited. And 
there was a third experiment on the lines of Clayton’s effort, this 
time by that Richard Watson who became a bishop but should 
have remained a chemist. Watson, appointed to the chair of 
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chemistry at Cambridge, though he frankly admitted “ he had never 
read a syllable on the subject nor seen an experiment," was ever 
enquiring into fermentation, balsams, precious stones, the recovery 
of sulphurous fumes from lead-smelting, and other varied subjects. 
And though in 1786 he destroyed many chemical MSS. as “ a sacri- 
fice to other people’s notions of the proper occupation of a church 
dignitary,” there is a record of his distilling 96 ounces of Newcastle 
coal in an earthen retort, obtaining an “ elastic vapour,” and seek- 
ing to find what liquids, tar, residuum and loss in weight were to be 
noted on distilling other coals and wood. 

Such experiments were mere curtain-raisers to Murdoch’s work 
in gas-lighting in the ITOO’s, in face of much opposition. His initial 
effort at Redruth, described by Sir Joseph Banks to the Royal 
Society {Phil. Trans., 1808), used wood and peat as well as coal from 
different localities, his iron retort having tinned copper and iron 
tubes attached for conveying the gas “ to a considerable distance.” 
This idea of piping the gas, as with Lebon, differentiates even those 
initial efforts from the dabblings of Clayton and Watson. As gas- 
burner he tried various nozzles, one example being a perforated 
thimble sent for, it is believed, via one of several small boy spectators 
who had their noses flattened to the window in admiration of these 
strange experiments. (The lucky one is believed to have wormed 
his way into the sanctum before the thimble could be extracted from 
his pockets.) Round about 1796 Murdoch, confident of the value of 
gas as illuminant, tried in vain to persuade Boulton and Watt to 
take out a patent. “ T am persuaded I can either cure him of the 
disorder or turn the evil to good ” : such was an example of Boulton’s 
attitude, on this occasion when he met Murdoch near Exeter en 
rottfe to London in his “ steam carriage ” and persuaded him to 
return. And so with, gas-lighting in which Murdoch’s enthusiasm 
had also to be restrained. Boulton and Watt considered they had 
enough lawsuits over Watt’s patents to last them a lifetime. The 
opposition to “ light without a wick ” was to continue throughout 
Murdoch’s large-scale success and beyond it to Winsor’s efforts. 
“ There is a madman here proposing to light London with smoke,” 
was the sardonic comment of Sir Walter Scott. Humphry Davy 
ashed if St. Paul’s dome would be of use as gas-holder. Gas-ligh ting 
as target for the wit of litterateurs was seized upon, as were other 
new discoveries in the electrical and medical fields : 

What varied wonders tempt us aa we pass ! 

The cowpox, tractors, galvanism and gas, 

In turns appear, to make the vulgar stare. 

Till the swollen bubble bursts and all is air. 
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But Murdoch’s obstinacy won through. Back at Soho in 1798 
from a Scottish visit, he “ constructed an apparatus ujmn a large 
scale, which during many successive nights was applied to the light* 
ing of their principal buildings and various new methods were 
practised of washing and purifying the gas.” In 1802 in celebration 
of the Peace of Amiens he dazzled a great crowd with a special dis* 
play ; in 1806 gas-lighting went further afield than Birmingham when 
a Manchester spinning firm adopted it. 

Ex fumo dare lucem. That salute to Murdoch is to a man who 
brought 160 years ago a practical meaning to Lux in tenebris, who 
gave us modern lighting, which would be loading to-day had not 
Swan and Edison stumbled on the filament lamp. Murdoch has 
been served better at the hands of posterity than has Lebon ; 
indeed, on some occasions his champions have been moved to 
excessive zeal— as in the case of that Shah of Persia visiting London 
in 1873, who learned with surprise the name of the inventor of gas- 
lighting, identified him with Merdoch, the God of Light of Assyrians, 
Babylonians and Persians, and ordered portraits of William Murdoch 
to be enshrined in Persian palaces. One assesses Murdoeh’s achieve- 
ment by recalling Faraday’s dictum and the list of crude iiluminants 
before coal-gas came ; the skull of burning fat ; crude lamps of 
stone or clay ; rough vessels of bitumen in the Far East ; whale oil, 
seal oil, tallow ; the tapers of oiled rope which lighted Tut-Ankha- 
men’s tomb ; wax -impregnated sticks ; the modern candle which 
followed the work of Cabaci^>res and Chevroul ; and the Argand 
burner when a Geneva physicist was inspired to put a draught of 
air up the centre. 

As postscript one must include a word for Welsbach, whose later 
discoveries not only rescued gas-lighting from extinction in face of 
nlectric lighting, but represented yet another jump in that scale of 
civilisation begun by Faraday. Auer von Welsbach differed from 
Lebon and Murdoch in being very much a chemist, a product of the 
Vienna Polyteclmic and student of Bunsen, and discoverer of 
praseodymium and neodymium. In 1880, while studying the rare 
earths and finding small beads on a platinum wire hardly suitable 
for luminous spectra, he soaked cotton in his salts, calcined the 
mass, noticed the intense light, and began to investigate the possi- 
bilities of retaining coherence on the part of the skeleton ash. 
Oxides of lanthanum and magnesium proved almost useless ; zir- 
conia was found to have a life of a hundred hours ; and finally 
thoria was tried with partial success after Welsbach had had to 
close down his small factory and set to work alone.. After the 
purest thorium had given jess valuable results, the mixture of 
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99 per cent, thoria and one per cent, oeria proved the answer for the 
Welsbach mantle. Welsbach, in memory of his early struggles with 
Latin, adopted jAua Imis as his motto. And after this bringing of 
new life to Murdoch’s progeny, what more fitting addendum to his 
work than the invention of the automatic flint gas-lighter, an 
invention coming after he had seen manufacturers giving away one 
pound of cerium salts with every 99 pounds of thoria, and after 
he had noted with dismay the accumulation of cerium residues on 
his factory dump ? 



RECENT ADVANCES IN SCIENCE 

ASTRONOMY. By. A. Hiintub, Ph.D., F.R.A.S., Royal Observatory, 

Greenwich. 

Meteors and Radio. — Meteor observation is traditionally a matter 
for amateurs. Two circumstances have combined to make this 
so : the work is visual and ordinarily needs only the simplest of 
equipment ; and it calls for a thorough knowledge of the oonstella^ 
tions, which is rarely acquired by the professional astronomer. 
The latter, engaged as he usually is nowadays on a long-term 
programme of photographic observations with a big telescope, fails 
to see the wood for the trees, and as a result seldom knows the 
sky as well as his amateur colleague. This is not to say that the 
study is entirely neglected at the bigger observatories, but the 
work there is usually confined to photographing predicted radiants 
of meteor showers with wide-angle, short-focus lenses, or to track 
determination from cameras set up at the two ends of a measured 
base-line. 

Two recent developments have brought the radio physicist into 
the field. Each of these was fortuitous in the sense that, though 
it opens up a new method of observing meteors, it was not the 
result of a deliberately designed attack on the subject. In the fiirst, 
a meteor entering tlie atmosphere produces an audible whistle in 
an ordinary short-wave radio receiver situated in the’ neighbourhood 
of an antenna transmitting only a carrier wave at the time. The 
second method detect»s, by the standard radar technique developed 
during the war, the ionised trail left by the meteor in the upper 
atmosphere. 

The first detailed mention of “ whistling meteors “ appears to 
be in a paper by S. R. Khastgir (Indian Journal of Physics, 17, 
230, 1943). It seems that weak whistles of rapidly descending 
pitch hav^ been heard at the Delhi receiving centre of All-India 
Radio, located at a distance of 10 miles from the short-wave trans- 
mitters, when a receiver is tuned to the unmodulated carrier wave 
Off one of the transmitters. They last from a fractiori of a second 
up to a few seconds, and occur at random time-intervals. These 
whistles are attributed to the following mechanism : A meteor 
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entering the Earth’s atmosphere is supposed to produce a rapidly 
moving mass of ionised air at its head. This local Heaviside layer 
scatters the incident short-wave radiation from the transmitter, the 
rapid descent causing a Doppler change of frequency in the scattered 
waves. These then interfere with the ground waves of unmodified 
frequency reaching the receiver by the ordinary path, and produce 
an audible heterodyne or beat note. As the descent is retarded by 
atmospheric resistance, the Doppler change of frequency lessens, 
and the pitch of the whistle descends. If an initial beat frequency 
An is superposed on an unmodified frequency n by a meteor of velo- 
city the relation 

An/n = 2v/c 

should hold, c being the velocity of light. On a carrier wave of 
7 Mc./seo., a whistle starting at (say) 3000 c./sec. would result 
from the entrance of a meteor with a maximum component of 
vdiocity towards the receiver of 64 km./sec., not an unreasonable 
value. The matter would seem to be clinched by the following 
facts : the whistles often coincide with visible meteors ; they occur 
most frequently in the early morning, when the number and velocity 
of meteors is a maximum '; and simultaneous whistles are heard on 
adjacent receivers tuned to different wave-lengths, the pitch of the 
whistles being proportional to the carrier frequency employed. But 
certain doubts of the validity of the Doppler explanation cause 
Khastgir to put forward another hypothesis which fits the facts 
equally well. In this, it is supposed that the retardation of a 
meteor in the ionosphere produces an electrical impulse atuilogous 
to audio-frequency static. The Fourier components of this impulse, 
transmitted at different velocities owing to the dispersive action of 
the ionised gas, will reach the lower boundary of the layer one after 
another in quick succession, the short waves arriving earlier than the 
long ones. The carrier waves scattered from the ionosphere will 
be modulated by the audio-frequency oscillations, the modulation 
frequency being a function of time, and a receiver tuned to the 
eatnier wifi reproduce a descending whistle. The pitch of this 
whistle will be expected to depend on the carrier frequency, and its 
rate of fall will depend on the amount of dispersion, i.e. of ionisation. 
Test experiments can doubtless be devised to distinguish between 
the Doppler explanation and the modulation theory, but the astrono- 
mer will be primarily concerned, not with the detailed mechanism 
iamdved, but with the fact that here is a powerful new weapon at 
hand, which in some respects might almost have been designed to 
settle some of the very points about whioh visnal observations 
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necessarily speak with uncertainty— -notably the magnitude (jf 
meteor velocities. 

The second method referred to above, using radar technique, 
has been developed by the former Army Operational Research 
Group (now under the Ministry of Supply) froon the combined 
transmitter-receiver of 160 kW. peak power, used during the latter 
part of the war for following German high-altitudo {V2) rockets. 
Pulses of 5 m. radiation are emitted from a transmitter antenna of 
which the bearing and elevation are adjustable. Radiation of tliis 
wave-length will, of course, penetrate the ionosphere whatever the 
time of day, season, or epoch during the solar cycle and whatever 
the angle of incidence. From localised patches of intense ionisation, 
such as the trails produced by meteors, however, echoes will be 
returned to appear on the cathode-ray tube of the receiver as 
“ blips ” whose displacement from the origin corresponds to the 
echo delay and thus to the distance of the trail, and whose pw- 
sistence (seconds or even minutes) measures the time taken for 
recombination processes to reduce the ionisation in the trail below 
the critical value for reflection. Short-hved echoes are continually 
noted with such apparatus from a height of 90-100 km. and at an 
average rate of about ten per hour. When night observations with 
a vertically directed beam are made simultaneously With a visual 
watch for meteors, it is noticed that meteors passing nearly overhead 
g^ve strong reflections. The deduction is that, as might be ex- 
pected, the trails of ionised gas present their maximum echoing 
aspect when viewed at right angles to their length. Only about 
one echo in eight could be associated with a visible meteor, but 
this is doubtless because the brightness of the other seven fails to 
reach the naked-eye threshold. A graph of the mean hourly rate 
of occurrence of echoes picks out with certainty the known meteor 
showers such as the Quadrantids and Leonids, which appear as 
sharp peaks rising above the general level of echoes due to sporadic 
meteors (Hey and Stewart, Nature, 168, 481, 1040). It is even 
possible, by observing with several inoHned beams set op difierent 
bearings and utilising the aspect-sensitivity of the echoes, to deter- 
mine within a few degrees the radiant of tlw shower concerned. 
While no great accuracy can be expected from this method, the 
hourly counts by themselves will be of great value to metedr 
observers, obtamed as tlmy are by a method independent both of 
cloud and of daylight. 

The radar equipment was given a full-dress trial on the expected 
meteor shower associated with Gomet Oiaoobiui^Zinner and prd^ 
dioted for the night of October 9-10, 1946. This oomet (1940o)^ 



78 SOIBNO® PROGRESS 

discovered by Qiaoobini in 1900 and recovered by Zinner in 1913, 
has a period of only six years and was first photographed on its 
latest return on May 29, 1946, at the Lick Observatory, very close 
to its predicted position. Since the comet’s first appearance in 
1900, perturbations have increased the size of its orbit and decreased 
its' eccentricity, thus bringing the descending node close to the 
Earth’s orbit. A small meteor shower was first noticed at its 1926 
return. In 1 933 the Earth came within half a million miles of the 
orbit, but at a point which the comet had passed eighty days before ; 
neverthrfess, there was a spectacular four-hour display reaching 
400 meteors a minute at its peak. The 1939-40 return was un- 
favourable : though the difference between the orbits was smaller 
by a factor of four, the Earth passed the node over four months 
before the comet in 1939 and over seven months after it in 1940. 
The 1946 apparition was very much more hopeful than any previous 
ones : the Earth passed the node on October 10.1, only fiJFteen days 
b^ind the comet (then about 30 million miles away and, even at 
that, invisible to the naked eye) and within 136,000 miles of the 
oihit. Though of necessity little is known of the distribution of 
meteoric matter along the orbit, hopes ran high of a good display. 
Even if the peak were very sharp, the chances of visual observation 
were good in Europe and North America. As it turned out, however, 
observers in Western Europe, including the greater part of Britain, 
were almost entirely clouded out. Cloud spoiled the view from the 
eastern United States also, though from an aircraft above the clouds 
over No'va Scotia Harvard observers saw a display which included 
a meteor about as bright as Venus every few seconds. Professor 
Shapley is reported as saying that the shower was the richest show 
of the century. , 

IJhe radar observers had nothing to fear from cloud. During the 
afternoon of October 9 the rate observed, ten per hour, was no more 
than expected from sporadic meteors. With little or no increase 
during the evening we have the radio observers’ word for it that 
hard things were being said about the astronomers. But by mid- 
night the hourly rate was up to 35, and at 4 a m. on October 10, 
within an hour of the predicted maximum, a tremendous peaJc 
occurred. Echoes became too numerous to count, and final estimates 
of the frequency will have to await examination of the cinematograph 
records of the cathode-ray tubes. By sunrise the rate was down 
to normal again. Evidently the meteoric matter was confined 
veiy dosely to the oometary orbit and was not, as with some other 
showers, ohservabls many hours or even days on either side of the 
predicted peak. The evidence from previous returns of the comet 
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suggests that along the orbit too the concentration falls off rapidly 
away from the comet itself. It is perhaps a sign of advanced age 
in a periodic comet when the associated meteor shower shows a 
broad peak with time, and occurs whatever the relative positions of 
Earth and comet are at the time the node is passed. 

It is too early yet to assess the full possibilities of these new 
methods of studying meteors. In the immediate future it may 
turn out rather that the radio physicists will be using meteors as 
ionosphere probes than that the astronomers will be employing radio 
methods for investigating meteors. Afterwards, perhaps, the new 
techniques will take their place in astronomy beside the time- 
honoured visual and photographic methods. If so, they will have 
some very definite advantages over the older techniques. The 
radar method gives a direct estimate of distance from a single 
observation — a great advance over the tedious method of photo- 
graphing with twin cameras at either end of a measured base-line. 
The short-wave radio method gives meteor velocities (or at any rate 
line-of-sight components of velocity), over which there has long been 
controversy whilst only visual and photographic observation have 
been available. And both methods have the inestimable advantage 
of making observations possible in a cloud-covered or daylit sky. 
On the other hand, their resolving power is relatively low, and 
where determination of radiants is concerned, visual and photo- 
graphic methods are not likely to be supplanted. It seems, in fact, 
that the techniques are complementary ; the new methods will 
prove useful in just those aspects of meteor observation where 
existing methods have of necessity left aching voids. 

Photoblboteic Photombtby. — Since the pioneer days of the 
early twentieth century, when the selenium cell was first used to 
measure the intensity of moonlight, photoelectric photometry has 
played an essential rdle in astrophysical technique. While not 
nearly so widely used for general photometry as the photographic 
plate, the photoelectric cell (which quickly supplanted the selenium 
cell) soon established itself in such applications as the accurate 
determination of light curves of variable stars, or (with suitable 
filters) the rapid estimation of star colours. The great disadvantage 
of the photocell is that it is not an integrating photometer, as is the 
photographic plate, so that in its practical appUcation, backed by 
an electrometer rugged enough to stand up to the changes of portion, 
temperature and humidity encountered during a night’s observation, 
it is relatively i ns ensitive. Nor, of course, does it make its own 
record, to be deciphered in comfort later and stored away for future 
reference, should that prove desirable. The introduction of the 
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eleotronio amplifier improved the sensitivity of the photocell, and 
enabled the much more convenient galvanometer to be substituted 
for the electrometer ; but in its turn the amplifier introduced 
extrameous shot-noise masking the faint signals of the cell at low 
levels of iBumination. Extremely sensitive photo-surfaces witli 
very low dark currents have, however, been developed : the potas- 
sium hydride cell will yield 2 x 10“ " amp. with a fourth magnitude 
AO star at the focus of the Mount Wilson 60-inch telescope, with a 
dark current of only 10“ amp. At some sacrifice of performance 
the caesium oxide oeU, yielding 3 x 10 amp. under the same 
stimulus, with a dark current of 4 x 10 amp., is sensitive over 
the wave-length range 3300-12,500 A., though refrigeration with 
solid OOt and evacuation of the whole space containing cell and 
amplifier are necessary. With this latter cell, colour measurements 
can be made over the whole range down to 9-0 visual magnitude 
(Stebbins and Whitford, Astrophysical Journal, 98, 20, 1943). 
Nevertheless, the introduction of the vacuum-tube amplifier has 
meant a sacrifice of efficiency to convenience, and anything which 
will achieve a higher signal-to-noise ratio will constitute a great 
advance. 

This has now become possible with the wartime development 
of the electron mxdtiplier. When the primary electrons in this 
device originate photoeleotrically, the resulting “ multiplier photo- 
tube ” becomes essentially a photocell backed by a noise-free 
amplifier within the same glass container. The factor limiting 
•performance is the primary shot-noise of the photocurrent and not, 
as with an external amplifier, the extraneous noise in the grid circuit 
of the amplifier. Without the use of impractically delicate labora- 
tory apparatus — and it must be remembered that for astronomical 
reasons the nearer the conditions inside a telescope dome resemble 
the open air the better the astronomer likes it — the signal-to-noise 
ratio can now be pushed up from about 60 for the long-range GsO-Ag 
ceil or 700 for the “ quietest ” cell (the K-H Kunz cell) to 10,000 
or 20,000 with a ninenStage Sb-Cs photomultiplier (Kton, Aatro- 
physical Journal, 103, 826, 1946). Astrophysicists now have 
availaye in this latter device a photoelectric photometer which is 
about twenty times more sensitive than any heretofore used. 
With this multiplier operated from a voltage supply consisting of 
sniall hearing-aid batteries, a small simple D.C. amplifier and indi- 
cating meter enable satisfactory deflections to be observed on 16th 
magnitude stars with a 36-inoh telescope. With an even simpler 
technique, employing a galvanometer in series with the anode 
dreuit of the phototube, the llth magnitude can be attained. 
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Without further refinements in present technique, then, such a 
multiplier at the focus of the biggest telescope in the world, the 
100-inch reflector on Mount Wilson, will reach within two magnitudes 
of the limit attainable with the longest practicable exposure on a 
photographic plate. Oonsidering that the apparatus is as yet in 
its infancy, it is permissible to look ahead with Kron to future 
possibilities of an ideal multiplier used under ideal conditions. 
This device will have a quartz envelope (for ultra-violet transparency 
and high electrical resistivity) with the anode lead brought out at 
the top to avoid leakage. (With the present nine-stage amplifica- 
tion, at 90 volts per dynode and 46 volts on the anode, a potential 
dilferenoo of 866 volts exists between adjoining socket pins on the 
base, and much of the output dark current is due to leakage across 
the base.) Its cathode area will be one-fifth that of the present tube, 
so as to reduce the dark current by a factor of five whilst still 
retaining the power to receive the whole of the light from a star or 
nebula. Operating at the temperature of solid CO,, the cathode 
dark emission will bo only about one electron jwr second. A star 
at the photographic threshold of the 100-inch mirror will give a 
photo-current of about 20 electrons per second, which will be multi- 
plied up in three or four stages, each with an amplification factor 
of 12, so that the final anode output can be measured by a pulse- 
counter set to respond only to pulses of the right amplitude. Second- 
ary electrons emitted spontaneously from the intermediate dynodes 
will not be amplified enough to trigger the counter. Dark-current 
electrons from the primary photo-surface which have gone through 
the whole of the amplifying labyrinth cannot be avoided, but they 
will be only about five per cent, of the total counted even at this low 
illumination level. 

Tliis conception of a photoelectric device measuring in a minute 
or so the radiation from stars as faint as or fainter than the faintest 
attainable photographically with exposures of hours may be a drt>am 
of the future, but such dreams have a way of coming true, especially 
when the apparatus on which they are based is developed under 
stress of war. Even now, as a result of wartime research, the 
astrophysicist has available a device which either will give him, 
without speoial precautions, as much sensitivity as he could get 
|»eviously from the most sensitive photocell, with all the associated 
pamphemalia of vacuum pumps, refrigeration and sensitive electro- 
meters or galvanometers ; or will enable him, with a rather more 
speoialised technique, to push bis brightness threshold down by 
about three magnitudes. Swords into ploughshares indeed ! 
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PHYSICS. By F. A. Viok, O.B.E., Ph.D., F.Inst.P., The University, 

Manchester. 

Thbemiokic Emission from OxpE-ooATKD Cathodes. — The num- 
ber of electron tubes containing oxide-coated cathodes made each 
year must now amount to many miJlions, but the precise mechanism 
of the emission of electrons from such cathodes is still not com- 
pletely understood. The processes foi* making the cathodes 
commercially are largely empirical and troubles arising during manu- 
facture are cured, in many cases, by trial and error. 

Most oxide-coated cathodes are prepared in the factory by mixing 
finely ground carbonates of barium and strontium with a binder, 
and coating nickel or other metal tubes, strips or wires with the 
mixture by spraying or deposition from the liquid. The proportion 
of BaCOa to SrCO^ varies from one si>eeification to another, but the 
double carbonate (BaSrjCOa seems to be becoming popular. The 
dried cathode is mounted in the electron tube, which is evacuated in 
the usual way. The cathode is then heated, to drive off the binder 
and convert the carbonates to oxides, the emitted gases being 
pumped away. The coating is activated '' by further heating, 
usually with the anode at a positive potential to draw an electron 
current from the cathode. At the end of this process, the oxide 
coating is found to be an efficient thermionic emitter. A typical 
cathode for a wireless receiving valve will emit about 100 raA per 
sq. cm. at 1000° K, or about 20 mA per watt of heating power. A 
pure tungsten filament has to be raised to about 2300° K to give 
the same emission, and its emission efficiency is then only about 
1 mA per watt. If the coating is on wire or strip, the cathode is 
directly heated, but oxide coatings are particularly suitable for 
indirectly heated cathodes, consisting of a metal tube coated 
externally and heated from the inside by a separate filament insu- 
lated electrically from the tube. 

The electron theory of metals, as modified in the light of quan- 
tum statistics, is able to account quantitatively for the measured 
thermionic emission from clean metal surfaces, and its temperature 
dependence. For adsorbed films of electropositive or electronega- 
tive atoms on metal surfaces, there are still some features not 
completely explained. For oxide-coated cathodes, rival theories 
have been the subject of controversy for perhaps twenty years, and 
‘‘ the influence of unforeseen factors has led to the accumulation 
of a mass of conflicting evidence and to the general conclusion 
that the mechanism of activation of an oxide-coated cathode is a 
complex one.^’ 

This quotation is taken from an article by J. P. Blewitt (J, Appl. 
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Phya., 10, 668-79 and 831-47, 1939), which gives a very good sum- 
mary of work carried out until the outbreak of war, with a fairly 
complete bibliography. There were two rival theories on the 
origin of the thermionic emission in oxide cathodes. The first 
considered the final electron current to be determined by emission 
from the core to the oxide, the electrons then being conducted 
tlirough the oxide and emitted from its surface over a potential 
barrier having comparatively little influence on the emission. 
Evidence advanced in support, of this theory included the discovery 
of barium in the core of aged cathodes (Lotvry, Phya. Rev., 35 , 
1367, 1930), and deductions from the shapes of oxide conductivity 
cuiwos (Reimann and Murgoci, Phil. Mag., 9, 440, 1930). Some 
years before, Koller {Phya. Rev., 25 , 671, 1926) had suggested that 
the activity of oxide cathodes is due to a thin film of alkali metal 
atoms (Ba, Sr, etc.) on the surface of the oxide. This wm developed 
by Becker {Phya. Rev., 34 , 1323, 1929) and others into the second 
theory, which placed tlie emphasis on the potential barrier at the 
oxide surface, the characteristics of the emission from core to oxide 
playing a minor part. It is easy to show that alkali metals (mainly 
Ba) are evaporated from a hot oxide cathode on to a neighbouring 
cold tungsten filament, thus changing the thermionic emission from 
the latter. Becker demonstrated that an oxide cathode which has 
had barium deposited on its surface is activated with much the 
same result as by the treatment outlined above. The normal process 
of activation has been shown to produce free Ba (and Sr) not only 
at the core-oxide interface and at the oxide surface, but also dis- 
persed through the body of the oxide. Becker postulated that 
during the life of the cathode some of the current passing through 
the oxide is carried by Ba and Sr positive ions moving eleotroly- 
tioally towards the core, and negative oxygen ions towards the 
surface. It is well known that oxygen is emitted from such a 
cathode during activation. The Ba film at the surface is maintained 
by diffusion. A crucial experiment which was thought at the time 
to disprove the first theory was carried out by Becker and Sears 
{Phya. Rev., 38 , 2193, 1931), who dislodged by mechanical shook 
the coating from an active cathode and found t^t the emission had 
decreased a large factor (over 1,000). If the core had been the 
original source of activity, they argued that the emission should 
have remained constant or even increased after the removal of the 
oxide. T. J. Jones {Thermionic Emiaaion, p. 82, 1936) detached 
only the outer surface of the oxide layer (in vacuum) leaving the 
oore-ooating interface undisturbed. This caused its activity to fall 
to one-thousandth. Subsequent activation renewed the emission, 
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presumably by the formation of a new layer of Ba at the exposed 
oxide surface. These and other experiments seemed to relegate the 
role of the core to assisting in the dissociation of the oxides to provide 
dispersed Ba and Sr. That was the |K)8ition at the time of Blewitt’s 
1939 review. 

During the past few years interest has been stimulated by two 
factors ; the realisation of the importance of the properties of the 
oxide as an excess semi-conductor, and the war-time use of oxide 
cathodes for the generation of pulses of emission rather than steady 
currents. It was foiind that the peak saturated current drawn in 
pulses of microsecond duration was many times (e.gr. 100) the normal 
steady saturation current for the same cathode temperature. Time 
changes in saturation current had been observed before, and were 
discussed by Blewitt in the review cited above. They were not 
troublesome in practical electron tubes, however, because in such 
tubes the anode current is usually space-charge limited and the 
oathode is kept at constant temperature. During the war, how- 
ever, the use of oxide cathodes in valves for pulse work drew atten- 
tion to the enhanced emission and the time changes, and led to 
renewed study of emission properties of cathodes under such condi- 
tions. We are not concerned here with war-time applications, but 
the behaviour of oxide cathodes under pulse conditions should 
throw further light on the physics of the emission processes. 

In a reccmt paper (Phys, Rev,, 67 , 166-78, March 1946) R. L. 
Sproull studied the current decay characteristics of oxide-coated 
cathodes, and the dependence of decay time and enhanced emission 
on the properties of the oxide coating. The experimental tubes 
used were sealed-off cylindrical diodes. Valve circuits were 
developed to apply a positive potential to the anode as suddenly as 
possible so that the thermionic current increased to its temperature- 
limited value in a small fraction of a microsecond. The changes 
in thermionic emission were recorded while the anode voltage was 
kept on for tim^ varying between 100 and 2000 microseconds, and 
tiien switched for a time long enough for the cathode to recover, 
and the process repeated. He found that on switching on the anode 
potential, the saturation current rose to an initial high value, and 
then decayed to a steady value one-fifth to one-fifteenth of the 
initial one. The rates of decay were proportional to current density, 
but independent of the thickness of the coating. In order to 
explain his results, Sproull suggests that as soon as thermionic ouiuent 
starts to flow through the oxide, the concentration of the alkali^ 
metal layer at the surface commences to decrease from its equili- 
brium value by electrolytic movement through the oxide, thiis 
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increasing the effective work function of the surface. The current 
decay curves seemed to be of the correct form m predicted by this 
hypothesis. The steady-state current increases as the size of the 
oxide particles decreases, as found previously. There is no space 
here to discuss the details of this provocative paper. 

More recently, a paper has appeared on The Pulsed Properties 
of Oxide Cathodes ” by E. A. Ooomes (J. Applied Phys,, 17, 647-54, 
August 1946). He emphasises the following points, among others : 

(a) a good d.c. oxide cathode is not necessarily a good pulse-cathode ; 

(b) when large curi'ents are drawn in pulses from oxide cathodes 
there is, in general, a large rise in temperature of the cathode ; 

(c) a major limitation on the maximum pulse current which can be 
drawn from the cathode is the onset of sparking, i.e, the physical 
transfer of particles of the cathode to the anode ; (d) the effect of 
the base (core) metal on pulse properties may be considerable. 
Pure nickel seems the best for pulse cathodes. Coomes suggests 
a different n^ason for the enhanced emission during pulses from that 
advanccxi by ♦Sjjroull, namely that electrons in the excess semi- 
conductor (i,e. the oxide) thermally excited into the conduction 
band during the period between pulses is swept out during the pulse, 
adding to the normal thermionic emission for a short period. (The 
normal space-charge in the inter-electrode space in a valve may be 
shown to contribute an amount small compared with the normal 
peak pulse emission.) 

A. Eisenstein has contributed two pa]:)er8 on the study of oxide 
cathodes by X-ray diffraction (J. AppL Phys., 17, 434-43, June 
1946, and 17, 654-63, August 1946). Since barium and strontium 
oxides are unstable in an atmosphere containing CO, and water 
vapour, special techniques were necessary to examine activated 
cathodes, and these are described in the first paper. In some cases 
the cathodes were covered by a protective layer while in dry nitrogen 
and then removed from the tube, and in others they were examined 
when in a vacuum, the primary and diffracted X-ray beams passing 
through beryllium windows. The first study reported is that of 
the conversion of the carbonates to the mixed oxides of an activated 
cathode, with particular reference to the solid solution in e(jui-molar 
proportions (BaSr)C08, X-ray diffraction patterns were obtained 
during the three main stages of conversion, (i) crystal growth in the 
carbonates ; (ii) decomposition to oxide and solid solution forma- 
tion ; (iii) crystal growth in the oxides. The crystal size of the 
remltant oxides appeared to be unrelated to the initial carbonate 
crystal size. The oxide orysted size depends mainly on the maxi- 
mum temperature reached during the processing. 
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The second study was a detennination of the change of lattice 
dimensions of oxide crystals with temperature, that is, the thermal 
expansion coefficient. This factor is, of course, important in the 
adherence of coatings to the core. 

In his second pai>er, Eisenstein describes investigations of the 
changes with life of a cathode, initially equal molar (BaSr)O. A 
method of calculation was devised which allowed an estimate of 
change of oxide composition with depth to be made. It had already 
been shown by a number of investigators that near the surface of a 
cathode towards the end of its life the lattice consists of SrO, the 
BaO having disappeared, and Ei.sen-stein confirmed this finding. 
The efl'ect of the material of the core on the loss of BaO from surface 
and bulk of the coating was studied, and detailed results are given 
of the change of composition with depth. The two papers are 
important contributions to our knowledge. 

In another paper, Fineman and Eisenstein (J. Appl. Phys. 
17, 663-8, August 1946) apply X-ray diffraction methods to the 
study of the interface between core and oxide. The surface coatings 
of aged cathodes were scraped off in an atmosphere of nitrogen, 
the remaining coating covered with a protective layer, and examined. 
In addition, coating and interface resistances to microsecond pulses 
were measured by probes embedded in the cathode mixture during 
coating. Not all the compounds at the interface between the oxide 
coating and different cores were identified, but special interface 
patterns were found in all cases examined. The curves of interface 
resistance against current were of similar form to those exhibited by 
multiple-layer oxide rectifiers, and suggest that a rectifying barrier 
layer may exist there. 

J. P. Blewitt has brought his review of literature up to 1946 
(J. Appl. Phys., 17, 643-7, August 1946), and his paper contains 
the useful suggestion, due to Hahn, that the methods in Chapman 
and Cowling’s book The Mathernatical Theory of non-U niform Oases 
be applied to the study of oxide-coated cathodes under non-equili- 
brium pulse conditions. 

The considerations described above are leading to an extensive 
revision of our views on the mechanism of emission from oxide-coated 
cathodes. The working hypothesis used in the Manchester Labora- 
tories for some time is alro proposed by Coomes {loc. cU.) and has 
doubtless been evolved by other workers in the field. It is that an 
oxide-coated cathode consists of metal core -f barrier layer recti- 
Sot -f excess semi-conductor -f- potential barrier at the vaotinm 
surface. ’ The equilibrium value of thermionic emission depends, 
on this view, on all time factors. There is thus an approaoh to a 
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reconciliation of the rival theories described above. With this 
working hypothesis before us, together with a better understanding 
of the nature of semi-conductors, barrier-layer rectifiers, etc., the re- 
examination of previous work and the planning of new experiments 
should prove very fruitful. One such programme has been begun in 
Manchester. 

METEOROLOGY. By P. A. Shbppabd, B.Sc., F.Inst.P., Imperial 

College of Science and Technology, London. 

Radiation in the Steatospheeb and Tboposphbee 
1. Inteoduotion 

In this series of articles we shall continue for some while to 
review progress in particular branches of meteorology since about 
1939 to the time of writing. On tliis occasion the treatment will 
be on the role of radiation in meteorology, but we shall concern our- 
selves only with the atmosphere below about 50 km. which, readers 
may care to be reminded, consists of (a) the troposphere, from 
ground level to about 7 kra. over the poles and 18 km. over the 
Equator, in which the teraiaerature normally decreases with height 
at about 0° C. per kra. and wliich contains four-fifths or so of the 
total ma.sB of the atmosphere, (6) the stratosphere, separated from 
the troposphere by a usually sharp discontinuity of temperature- 
gradient termed the tropopause, above which the temperature is 
practically constant — ^it usually increases very slowly with height 
in the equatorial and mid-latitude stratosphere and decreases slowly 
with height in winter in the polar stratosphere, (c) an upper warm 
region (“ empyrean ” was the name suggested by Whipple) from 
about 35 km. to 50 km. or so, in which the temperature rises at 
about 5° C. per km., but about which little is known in detail, partly 
because it is outside the present bounds of direct exploration by 
sounding balloons. Although layers (b) and (c) are fairly distinct, 
it is probable that the temperature distribution within them both 
is the result mainly of radiation processes and the stratification 
being stable throughout we shall in the remainder of tliis article 
normally refer to them jointly as the stratosphere. 

We shall consider in turn knowledge gained on tlie modification 
of solar radiation as it passes downwards through the atmosphere, 
and then of atmospheric and earth radiation as it passes out into 
space and of the reaotion of these beams of radiation on atmospheric 
temperature. But before doing so some notice is required of reoent 
work the amount and distribution of the atmospheric gases which 
|day s diiect part in the radiation processes. 
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The Ahottnt and Disteibution of Absorbing Gases 

(o) Water Vapour . — ^Water va|X)ur is prospectively one of the 
most important gases in the radiation problems of the atmosphere, 
beoanse of the wide range of its absorption bands from the near to 
the far infra-red ; yet, until recently we could only guess at the 
quantities present in the stratosphere. This was due to the ex- 
cesjsively large lag at low temperature of hygrometric materials, such 
as hair and gold-beaters’ skin, which have been used on sounding 
instruments, the lag arising primarily from the necessarily exceed- 
ingly small, but not for that reason unimportant water-vapour 
content of air at low temperature. The {wsition has, however, 
been lately revolutionised by the design and use of an aircraft 
frost-point hygrometer by Dobson, Brewer and Gwilong {Proc Roy. 
Soc., 185, 144, 1046 ; see also Dobson and Brewer, J. Hoi/. Aenm. 
/Soc.,50, 787, 1940). This instrument is capable of giving the frost 
point down to about 1 83° K, below which the ice is deposited in a 
vitreous form which escapes detection by normal methods, the 
error of observation being not more than 1“ or 2°. Some 20 
soundings have been made into the lower stratosphere of this 
country with the new instrument, a height of 12 km. having been 
reached, and all soundings showed a very dry stratosphere with 
relative humidities of a few per cent, only (frost points of about 
100° K with air temperatures 30° to 40° higher). It would be 
dangerous to generalise from these few observations, but it is clear 
that the lower stratosphere in mid-temperate latitudes is generally 
very much drier than previously supposed by many meteorologists. 
If we assume that there is a constant mixing ratio of water vapour 
to dry air throughout the body of the stratosphere (see § 2 (6) 
below) with frost points as observed in its lower region, tlie amount 
of preoipitable water in the stratosphere is of the order of 10“ * 
to 10“* cm. only. These soundings have also shown exceedingly 
dry layers (relative humidity 1 or 2 per cent.) to exist from time to 
time iu the troposphere after subsidence has occurred and, though 
they are shallow, they may be quite important for the change in 
temperature produced by radiative exchange (see § 4 (6) “below). 
Such extremely dry layers may not be shown at all foithfiilly on 
routine radio soundings whose accuracy is, for these purposes, 
inadequate, thoilgh for seasonal or air- mass mean values of humidity 
of the^lower and middle troposphere they are probably just about 
adequate. 

' Radiation problems normally require a knowledge of the vertaeal 
distribution of an absorbing gas, but the total quantity of gasaboke 
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a given level may be of interest in some instances, aad techniques 
for this measurement, for water vapour have been described by 
Hand {Mm. fVea. Rev., 68, 96, 1940) and Strong {J. Franklin 
Inat.. 232, 121, 1041). Both make use of the absorption of solar 
radiation in well-mapped bands in the near infra-red, the former 
comparing the intensities of solar radiation in narrow adjacent 
bands, of which one lies in and the other outside the water-vapour 
band near O-O /i, the latter measuring the total absorption over the 
<j> band (106 to 1*26 /«). Hand claims an accuracy of 0-1 cm. 
precipitable water, but Strong’s accuracy is not stated ; presumably 
it will be affected by the presence of dust and haze above the station. 

(6) Garbm Dioxide . — The frost-point hygrometer referred to 
above can be used to measure the CO, content of air and it has 
been found that the proportion of CX), in the lower staratosphere is 
the same (0 03 jnir cent, by volume) as near the sur&ce. This 
result is consistent with Paneth {Quart. J. R(ry. Mel. Soc., 65 , 303, 
' 1939) and Paneth and Oliickauf {Proc. Roy. Hoc., 185 , 89, 1946), 
but the latter find evidence of .slight diffusive separation of the lighter 
from the heavier gases betwt^en 20 and 23 km. The slight change 
in composition at these levels is not, however, likely to l>e significant 
for radiation studies involving either carbon dioxide or water 
vapour. 

(c) Ozone. — Dobson, Brewer and. Cwilong {lac. cit.) have con- 
siderably amplified our knowledge of the day-to-day variations in 
the total ozone content of the stratosphere. They find that the 
changes, up to about 30 per .cent, of normal value.s, are mainly 
associated with the passage of fronts, a fall occurring ahead of most 
surface warm fronts and a rise immediately to the rear of surface 
cold fronts. Occluded fronts show variations dependent on their 
type. Som® fronts, however, show no ozone variations, and it is 
inferred that , these do not then reach into the stratosphere where 
most of the ozone is concentrated. Dobson considers that the ozone 
vaxiations are mainly confined to the layer between about 10 and 
20 km., a view consistent with the &ot that mean ozone values are 
low in tropical and high in polar regions. We shall see later 
(§ 4 (c)) that these variations are vei^ significant in relation to the 
temperature of the stratosphere and the height of the tropopause. 

: There has been no considerable advance in knowledge on the 
vertical distribution of ozone, but a new technique has been, der 
v^ped by Strong {Phya. Rev., 55 , 1114, 1939 ; J. Franklin Inst., 
231| 121, 1941), and Strong- and Watanabe^J. Franklin Inst,, '.236, 
401, 1943), for observing the mean atmoepheric pressure and. hence 
height of the ozone. The total amount of ozone is measured from 
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the absorption of solar radiation in the Hartley (u-v) band, while a 
simultaneons measurement of the absorption in the 9-7 jM band, 
which depends on the fourth root of the total pressure, leads to an 
estimate of the mean pressure. The technique is difficult and 
subject to several possible errors, but the mean heights observed, 
20 to 28 km., are in rough agreement with the rather few results of 
earlier workers, and the method has the great merit of providing 
instantaneous values whose variation may be followed with an 
unobscured sun. No correlation of such variation with other 
meteorological factors has yet been made. 

3. The Depletion ok Solar Radiation bv the Atmosphere 
(ffl) Stratospheric Depletion . — The most complete recent treatment 
of this problem appears to be that given by Karandikar {Proc. 
Indian Acad. Sci., 23, 70, 1946), who evaluates the absorption of 
solar energy per unit volume and per unit mass in 2 km. layers 
below 50 km. by ozone, carbon dioxide and water vapour, for various 
solar elevations, using the latest data on absorption. He adopts a 
solar “constant” of 2-045 cal. cm."* min.'^ and a radiative 
temperature for the sun — to provide the energy distribution function 
— of 6000° K. These two values are slightly inconsistent, but that 
is of little consequence to the succeeding computations. These are 
based on graphical methods giving, first, the energy extracted in 
each absorption band and in toto as a function of path length through 
the gas considered, and, secondly, the distribution of energy ab- 
sorption with height for given vertical distributions of the absorbing 
gases. He also uses a formal technique due to Chapman (Proc. 
Phys. Soc., 51, 93, 1939) as a check in certain regions and obtains 
good agreement with the graphical method. For ozone it is shown 
that above 30 km. the ultra-violet (Hartley) absorption far out- 
weighs the absorption in the visible (Ohappius) and iiifra-red bands, 
but that below 30 km. the Hartley and Chappius bands produce 
comparable absorptions, the latter band being the more important 
for large zenith distances of the sun. Taking all bands, the ab- 
sorption above 20 km. far exceeds that below, while quadrature of 
Karandikar’s curves shows that the total absorption down to 10 km. 
varies from 6-3 per cent, to 7-5 per cent, of the incident radiation 
for air masses 1 to 4 (air mass =■ secant of zenith angle) for an 
ozone distribution as observed at Tromsd. 

The total absorption by carbon dioxide in the strato^here, 
mainly in the 2-7 p band, is very small compared with that of ozone, 
but the absorptions by the two gases are comparable in the lower 
stratosphere. 
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The abftorption by water vapour is mainly confined to wave 
lengths less than 4 /«, the large absorption coefficients of water 
vapour at longer wave lengths being of little account due to the 
small solar energy in the longer waves. The actual amount of 
energy absorbed by water vapour remains uncertain, but Karan- 
dikar’s curves taken in conjunction with the precipitable water 
deduced (§ 2 (a)) from Dobson et al (loc. cM.) suggest that it is neg- 
ligible compared with that by ozone, except below 30 km. 

Karandikar’s compounded figures of total absorption for average 
solar elevations vary from about 1 x 10^^ cal. gm.~^ min.”^ at 
15 km. to about 2-5 x 10 * cal. gm.” ^ min. ' ^ at 46 km. where there 
is a very sharp maximum. Quadrature of Ids curves gives 5-9 
pt^r cent, to 8-5 |)er cent, absorption of the incident radiation down 
to 10 km. for air masses 1 to 4, with an ozone distribution as at 
Tromso and 5 x 10^“^ cm. precipitable water, percentages only 
slightly larger than those given above for ozone only. 

Karandikar’s paper is the first of a series promising to deal also 
with the emission of radiation by the stratosphere and finally with 
radiative equilibrium temperatures. Anticipating this later work 
it is already clear from the values of solar absorption that there can 
hardly be any appreciable diurnal variation of temperature in the 
lower stratosphere, for if all the solar energy there absorbed were 
manifest as a rise in temjxjrature this would be mainly less than 
0. per day, a result of importance in judging the reliability of 
radiosonde temperatures taken at those levels in daylight. At 
higher levels, however, particularly between about 40 and 50 km., 
there must be an appreciable diurnal variation of temperature unless 
the absorption is matched by a rapid inciease of atmospheric 
radiation with temperature. 

(6) Tropospheric Depletion , — There are no absorbing gases 
present in the trcijosphere that are not also present in the strato- 
sphere.^ The absorption by ozone is effectively complete at the 
level of the tropopause, so that its presence (in very small amount) 
in the troposphere is of no consequence. For carbon dioxide 
this is not quite the case, and still less for water vapour, as 
may be inferred from Karandikar’s curves. Hoelper (Met, Z., 
60, 37, 1943) has given revised values of water-vapour absorption 
from the solar beam for tropospheric water-vapour contents 
which, the writer finds, can be accurately represented by 
A (oai.om.““* min.*’^) — 0-118 logio«^ + 0-133, valid over a range of 
w (centimetre of precipitable water) from 0*5 to 8 cm., the actual 
values of the absorption at these extremes being 0*10 and 0-24 cal. 

^ With the exception perhaps of small qtiantities of the oxides of xdtrogen* 
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cm.'"'* min.""^ respectively. This absorption is then of the same 
order as that given above for the stratosphere, and M6ller considers 
that its distribution is such as to produce an equivalent heating of 
about 0 5'' C. per day more or less indepcmdent of height throughout 
the troposphere. But gaseous absorption in tlie troposphere is 
rather small compared with other agencies depleting the solar 
beam) such as reflexion from cloud toj>s, and absorption and scat- 
tering by dust and nuclei. For these we turn to a recent investi- 
gation of Haurwitz (J. Met., 2, 154, 1945) conduck^d on empirical 
lines, and to Hewson {Quart. J . Roy. Mel. Soc., 69^ 47 and 227, 
1943) for a theoretical investigation of the action of clouds of water 
drops. 

Haurwitz has analysed observations of total (direct and scattered) 
insolation received on a horizontal surface at Blue Hill Obsi^rvatory, 
Massachusetts (elevation 195 m. above sea level) in terms of air 
moss, cloud amount and cloud density, the latter being estimated 
Visually on a subjective scale of 0 to 4 (see Intemaiimml Allas of 
Clouds and States of Sky, 1 , 59, 1932). The insolation, 1, conforms 
well on the whole to an equation of the form T ™ (a /m)e where 
m is the air mass and a and h ijonstants which doi>end on the cloud 
amount and cloud density, though, as might be expectcHi, individual 
observations show large departures from the mean curve. For 
examplC) even with clear skies atmospheric turbidity exorcises a 
marked control on the insolation. Table I summarises the actual 
observations in certain classes (a misprint in the original paper has 
been oorreoted) and Table 2 gives the values of a and 6 in the 
empirical representation. 


TABLE 1 

(figures in body of Table give Insolation on horizontal surface in 
oal. om.-* min.-’) 


Cloud Amount 
(tenths). 

0 

1-^3 

4-7 

8-9 


Cloud Density 
_(0j^ 4)^^ 

; — 

1 

3 

1 


1 

3 

1 

8 

Air 1-5 

0-95S 

0-960 

0*800 

0*922 

0*793 

.. 

0*880 

0*027 

0-760 

0*253 

Air Mass 3 

1 

0*438 

0*410 

1 0*420 

0*392 

0*303 

0*407 

0*256 

0*348 

0-U7 


It wiU be noted that the effect of cloud density on the insolation is 
of about the same iinportanoe as the cloud amount if the sky is 
mainly or wholly covered, while for small cloud amounts the insola- 
tion, as might be expected, depends very little on the cloud dkmnty. 
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TABLE 2 

(values of a and 6 in I « — «-***• oal. cm.-* min,-*) 





Cloud Benfliit.y (0 - 

4). 



Clijud 

Amount 

0 1 1 


2 


i 

% 1 

4 

(tenth*). 

a 





* 

a 

b 

a 

b I a 

b 


1*57 

0-059 1 — 


„ 



i ^ i ' 


13 

"isi 

0-100 i 1-09 

01 05 

1(H) 

0094 

L33 1 

0-018 -- 

1 — 

4 7 


i 103 

01 10 

1-61 1 

1 0152 1 

1-56 

-0-179 1 — 

! 

8-9 

— 

I 1-43 

0055 

1-20 1 

1 0 072 I 

! M5 1 

0-137 1 — 

I 

10 

135 

1 0‘047 ; 1-25 | 

1 . 1 

O-OOl I 

1 

105 

0-154 

1 0-52 i 

! ; 

0-134 0-27 

- 0-007 


The ratio of the insolation under cloudy and clear skies, t.e. the 
fractional transmission of a cloud, is given by 

T /T />~(b-0 069)m 

® 157 

where Iq is now the insolation under clear skies, so that for a given 
cloud amount and cloud density (given a and 6) the transmission 
deci-eaHes with incrc^ing air mass for b > 0*059, which is mainly 
the case. But the variation of the transmission with air mass is 
in any case rather slight. Also of interest is the fact that the air 
moss is shown to be quite the most imj)ortant factor controlling I 
except with an overcast (10/10) or heavily clouded sky when the 
cloud density exercises a comparable control. 

The above figures and conclusions are strictly valid for the area 
of Blue Hill Observatory only, and then only on a statistical or 
climatological basis. In other jmrts of tlie world with air masses 
of different properties or dilFerent dust, smoke or nuclear contents 
there would no doubt be differences in detail, but the broad trend of 
the results is likely to bo general. 

Haurwitz’s results are important for the many meteorological 
problems which require a knowledge of the amount of solar radiation 
reaoliing the ground, e.g. surface temperature and its variation, the 
formation and dissipation of cloud, agricultural and biological 
meteorology, etc,, but it does not tell us in detail what happens to 
the radiation in passing through the troposphere. Hewson (foe. dt) 
has made an attack on this problem as far as the effects of cloud 
and fog composed of water droplets are concerned. The problem 
is one both of scattering and absorption, and Hewson uses Meoke's 
equations for these processes to obtain the intensity of the upward 
and downward beams in the cloud. He takes Wiener’s computed 
values of the scattering ooi^cient for water drops whose radii 
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are greater than the wave length of light concerned, and a value of 
^/Zrk (r = radius of drop, i = Naperian absorption coefficient of 
water at wave length A) for the fractional absorption per drop. 
Kimball’s observations of the distribution of energy with wave 
length in an average dear atmosphere, for various zenith distances 
of the sun, are used to provide the energy (direct and diffuse) 
incident on the upper surface of the cloud, while values are available 
for k as a, function of wave length. Hewson neglects the effect of 
the direction of the solar beam on the upward and downward 
scattering of the cloud, all computations being made for a zenith 
angle of 67° for which the upward scattered light is the same as for 
diffuse light of the same total intensity. Strong criticism has been 
expressed at this procedure (Quart. J. Roy. Met. Soc., 69, 227, 1943), 
but Hewson advanced evidence that, except near the Imundary 
of a cloud of very small water content or one composed of large 
drops, the radiation witliin the cloud is almost completely diffuse 
and its behaviour therefore mainly independent of solar eleva- 
tion, though the intensity will, of course, depend on the zenith 
angle (see on this point : Middleton, Visibility in Meteorology, 
Toronto, 1944). Hewson’s results are essentially numerical and ho 
gives figures for the jiercentage reflection, absorption and trans- 
mission of radiation for fogs and clouds of various thickness and 
water content, assuming a fog to be composed of drops all of 20 y 
radius and a cloud of drops all oiby radius. Whether these figures 
are representative is still uncert.ain, for observations on the constitu- 
tion of fog and cloud are still scanty and by no means free from 
objection on grounds of technique. Hewson uses Houghton and 
Radford’s data on fogs (Maas. Inst. Tech. Pap. Phya. Ocean, Met,, 
6, 4, 1938) and Bricard’s observations on clouds (La Mil., 15, 83, 
1939). (We shall return to tliis subject in a later review.) Table 
3 gives illustrative figures, all for a zenith distance of the sun of 
Sl6°, sinooonly for a very dense, deep fog is there any effect of zenith 
distance. 

It will be noted that the range of reflection and transmission is 
almost the maximum possible, whereas it has in the past been 
common practice to ascribe a constant albedo of 78 per cent, to all 
cloud tops, for lack of observations other than those of Aldrich 
taken on a single fog-top. For a cloud or fog of appreciable density 
and thickness, however. Table 3 gives the albedo as lying between 
about 60 per cent, and 90 per cent. Hewson’s figures may not, 
unfortunately, be adequately checked at present against any 
sustained series of observations, but a very rough teat of the trans- , 
mission values may, at least, be made against Haurwitz’s %uree 
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TABLE 3 


Pbkcbntaob or Soiar Radiation Rktdbotbd (R), Absobbko (A) and 
Tbansmitted (T) by Foos and Clouds or stated Defth and Watbb Content. 
(Bud’s Zenith Distance 25“) 


W*tM 

Fog (r 20 ai). 


Cloud (r aa B/[4). 


(vontont 










g/m*. 

Depth 

(rw). 

20 

80 

200 

20 

80 

200 

1000 

4000 

01. . . 

R 

1-4 

6-0 

12-6 

6 ft 

18-8 

87*9 

73-4 

88*6 


A 

01 

0-2 

0-8 

00 

0*2 

0-6 

2-7 

6*2 


T 

98-5 

93 8 

86-6 

93*4 

810 

61-6 

239 

6-2 

10. . . 

R 

120 

36-9 

56-8 

370 

69- 1 

82*9 

91*7 

93-3 

1 

A 

0-8 

2 ft 

4-8 

0-6 1 

2*4 

40 

60 

6-2 


T I 

1 

800 

01*6 

i 

38-4 

i 

61-5 

28-5 

13’ 1 

2-3 


6-0. . . 

' R 

41'3 

ft9-9 

811 

73-4 

88-6 

91-7 

93*3 

93-6 


A 

! 2-» 

1 7*2 

9-8 

2-7 

! 5-2 

60 

6-2 

6*3 


T 

1 56-8 

’ 22-9 

! 

91 

1 

23*9 

tt-2 

2 3 

0-6 

01 


quoted above. According to Table 3 tlje transmisBion of dense 
clouds (depth < 1000 m., water content < 1 gm./m.*) is only about 
2 per cent, or less, whereas Haurwitz’s observed transmission through 
10/10 cloud of density 3 or 4 is about 28 per cent, or 20 per cent, 
respectively. Only for very shallow clouds of moderate water 
content or for moderately deep but quite tenuous cloud does Hewson 
obtain transmissions as high as Haurwitz’s values. The discrepancy 
appears, therefore, to be wide. Hewson’s conclusion that the 
percentage transmission is almost independent of solar elevation is, 
however, fairly well supported by Haurwitz. It will further be 
noted from Table 3 that the absorption by fogs and clouds may 
amount to a few per cent, of the incident radiation, but even this 
low figure must be of importance in the conditions controlling the 
dissipation or development of cloud and fog. The table also shows 
that a fog refiects less and transmits more radiation than a cloud of 
equal depth and density, a result which is, indeed, to be expected 
on the basis of the assumed difference in drop size. 

There appears to be no important recent research on the modifl- 
oation of the solar beam by other constituents of the troposphere, 
such as dust, though clearly this must be important on many occa- 
sioiu. Thus, bearing in mind the value of the solar constant and 
the rather small gaseous absorption of the stratosphere and tropo- 
sphere, the first column of Table 1 shows how considerable is the 
non-gaseous absorption and scattering of the average " clear ” 
troposphere. If the loss is primarily due to absorption by dust, as 
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seems likely, there will be an appreciable reaction on the temperature 
of the dust-containing layer when this is limited in thickness by 
stable conditions aloft. Hoelper [loc. has discussed the ex- 
tinction coefficient (but not the absorption) of particulate matter 
of radius 01 to 1 /.e, while Ramachandi’a {Proc. Indian Acad. Sci., 
17, 171, 1943) has developed a wave theory for the transmission of 
light through suspensions of both opaque and transparent particles 
of diameter larger than the wave length. The latter author finds 
that the diminution of intensity in the forward direction is actually 
double that which would be expected on simple geometrical 
considerations. 


4. Atmosphbbio Radiation 


(o) Absorption and Emission Laios for Oases in the Infra-Red . — 
This subject has received wide attention in the last few years on 
account of the increasing importance of infra-red spectroscopy to 
the molecular physicist and to the analytical chemist, and the 
meteorologist has gained much a.s a result. A good general treat- 
ment of the absorption laws of gases in the infra-red with special 
reference to the interpretation of experimental data has been given 
by Nielsen, Thornton and Brock Dale (Rev. Mod. Phys., 16 , 307, 
1944), while Schnaidt (Beitr. Oeophys., 54, 203, 1939), Callendar 
(Quart. J, Roy. Met. 8oc., 67 , 263, 1941), Elsasser (Harvard Met. 
Studies, No. 6, 1942), Cowling (Rep. Phys. Soc. Prog. Phys., 9, 29, 
1943) and Callendar and Sutherland (ibid. 18) have discussed these 
laws in relation to water vapour, carbon dioxide, ozone and the 
oxides of nitrogen which are the active components of the atmosphere 
in the infra-red. No attempt to summarise these papers will be 
made here except to say that absorption by any band, or line of a 
band, in the infra-red does not in general obey Beer’s Law, and that 
efforts have been directed towards providing working formulas for 
absorption which will take the line and band structure adequately 
into account, particularly in respect of its dependence on the total 


pressure and temperature, whose effects however are not yet 
fully resolved. Cowling haa given a semi-empirical form for the 
abkorption A by a gas of optical thickness w at total pressure p 
in any wave band, for A is greater than about 10 per cent., via. 




where po .is standard pressure and /? is an ab- 


sorption poeffioient which takes account of the line and band structure 


in the wave band concerned. For moderate values of A the forinula 


approximates to A /?>«)*. Cowling provides values of d 

ier water vapour in the range 5 to 160 p, though in certain parts tff 
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the range the values are still tentative. Callendar has provided 
values of yet other semi-empiricol absorption ooeffioients for COt, 
coefficients which depend on the wave-length intervals to which 
they are applied, while Callendar and Sutherland have given values 
of a semi-empirical coefficient for Og. 

Falckenburg {Met. Z., 55, 174, 1938 ; ibid., 56, 72, 1938), Brooks 
(Maas. Inst. Techn. Pap. Phya. Ocean. Met., 8, No. 2, 1941) and 
Elsasser (loc cit., also Mon. Weath. Rev., 69, 1, 1941) have each 
published observations on the total radiation of columns of water 
vapour, or of water vapour and CO*, or of COg separately at normal 
preesures and temperatures. For a column of CO, the emissivity 
e (in per cent, of black body radiation at the temperature concerned) 
is given closely according to Elsasser ’s analysis by c ~ 6*8 logigX — 6-4, 
where x is the length (m.) of the column at S.T.P., valid over the 
range 20 m. < a; < 10,000 m., the corresponding range of c being 
from 3 per cent, to 22 per cent. ; for a column of water vapour 
the corresponding formula based on Brooks’ observations corrected 
for CO, content is e = 340tff* — 2-0, where w (cm.) is the pre- 
oipitable water in the column, vaUd over the range 0-0001 cm. 
<w< 0-0026 cm. and giving for e a range from 2 per cent, 
to 15 per cent. These total-radiation formulae are useful for ap- 
proximate computations, but their limitations should be clearly 
appreciated, for which see Sheppard (Quart. J. Roy. Met. Soc., 68, 
210, 1942). 

(6) Atmospheric Radiation in the TropoapAcre.— Elsasser in his 
1942 paper describes a radiation chart (a revision of an earlier 
chart) based on his analysis of the water-vapour spectrum and on 
his observations of total radiation. This chart ideally enables one 
to compute the upward and downward flux of radiation at any 
level in the troposphere, given the distribution of temperature and 
vapour pressure as a function of the pressure (height), and the 
level and temperature of black-body surfaces (ground surface or 
oloud-sheet boundaries). That part of the flux due to CO, is assumed 
to be determined solely by the temperature at the level- in question. 
The difference in net flux at any two levels can then be readily 
deduced, from which the rate of radiative heating or cooling in the 
layer immediately follows. Elsasser (Mon. Weath. Rev., 68, 186, 
1940) using the first edition of his chart confirms earlier deductions 
of Moller that the troposphere is everywhere cooled by atmospheric 
radiation, in other words that the net upward flux increases every- 
where with height, which is mainly a consequence of the rather 
rapid decrease of the downward flux with increase of height, as the 
Water vapour, the chief reuiiator, is rapidly left below. The cooling 
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is more m equatorial than in polar air masses, and more at low levels 
than at high, but the actual amount of cooling for a given tem- 
perature and water-vapour distribution remains rather uncertain, 
perhaps 0® to 2" C. per day depending on the level and the air mass. 
(In 1940 Elsasser gave : rate of cooling (° C./day) = 1 -f- 2 logu q, 
where q is the specific humidity in gm./kg. at the level considered, 
but the 1942 revision of his chart implies that this is an over- 
estimate). We note that atmospheric radiation has a stabilising 
influence on the atmosphere since it causes less cooling above than 
below, but only when turbulence in the free atmosphere is relatively 
slight is the differential cooling by radiation likely to modify 
seriously the pre-existing temix^rature profile. 

Brooks {loc. cii.) remarks that his curve of emissivity versus path 
length may be used quite simply in conjunction with a curve of 
temperature versus weighted water- vapour content to compute the 
atmospheric radiation and, at the presfmt state of knowledge, this 
method is probably as satisfactory as any for dealing with the 
troposphere. Neither Elsasser nor Brooks take account of ozone 
radiation, which arises mainly in the stratosphere, but this is of no 
consequence for most purposes in the troi>o8phere, since the ozone 
radiation is hardly modified in its downwartl passage through the 
troposphere. 

Mdller (Beitr. Ckophya., 58, 11, 1941) has discussed the effects of 
atmospheric radiation at discontinuities of water-vapour content 
and of haze. His methods are not quite in line with modem know- 
ledge on the laws of gaseous infra-red absorption, but his results are 
probably correct as to order of magnitude. Thus at a level of a 
sudden drop in water-vapour content, such as may exist at a sub- 
sidence inversion, he finds that the radiative cooling may amount 
to about 7° C./day, falling rapidly in amount both above and below 
the discontinuity. If there is thick haze below the discontinuity 
and clear air above, as often happens, the rate of cooling at the dis- 
continuity may rise to about 14° C./day, again with a rapid decrease 
below and above. These resultii are for normal temperature lapse 
or isothermal conditions. A temperature inversion of 2°C. at the 
vapour-haze discontinuity will, however, reduce the cooling to about 
8° C./day. Even so the cooling is very considerable and more than 
suffitsient to account for the formation of cloud sheets such as 
frequently occur at discontinuities of these, kinds. 

Falokenberg and Heoht {Met. Z., 58, 11, 1941) describe the results 
of measurements of the downwardly directed beam of atmospheric 
radiation made from an airoroft up to a height of 1 km. They 
find the decrease in intensity with increase in height to be much 
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less than that giren by Angstrom’s empirical formula relating 
atmospheric radiation to the temperature and vapour pressure at 
the level of observation. 

(c) Atmoapheric Radiation in the. Stratosphere . — The absorption 
and emission of radiation in the troposphere, which have been 
conridered in previous sections, are in general less important than 
vertical motion and condensation in determining the thermal struc- 
ture of the troposphere. That is almost certainly not so in the 
stratosphere, which is often assumed to be the result of radiative 
equilibrium alone, i.e. radiation emitted at any level = radiation 
absorbed from the solar beam + radiation absorbed from upward 
and downward beams of terrestrial radiation. The test of this 
hyq)othesis is to determine whether the temperature of radiative 
equilibrium at all levels in the stratosphere is in agreement with 
observation, but this test cannot yet be thoroughly applied on 
account of our imperfect knowledge of the amount and distribution 
of water vapour and ozone present and of the absorption laws in 
the infra-red. A very striking advance has, however, reotmtly been 
made by Dobson (Qaart. J. Roy. Met. Soc., 68, 202, 1941) and his 
co-workers (loc. cit., § 2 (a)), who find that a qualitative explanation 
of the spatial and temporal variations of the temperature of the 
lower stratosphere {i.e. to about 20 ktn.), and of the height of the 
tropopause, may now be given in terms of radiative processes only. 
Dobson gives grounds for believing that the control of temperature 
in the lower stratosphere is more or less equally distributed between 
the three gases 00,, 0, and H,0, each of which probably absorbs 
about 6 jier cent, of the upward radiation through the tropopause. 
He assumes that the long-wave radiation entering the stratosphere 
from below (about 0-3 cal. om.~* min.'^) originates, in respect of the 
9*7 p wave band absorbed by 0„ at the earth’s surface (temperature 
about 280° K), since the troposphere is practicaUy transparent in 
that band, and, in respect <rf wave lengths absorbed by CO, and 
H,0, in the upper troposphere (temperature about 233° K). He 
then evaluates the eqnUibrinm temperature of the lower stratosphere 
for each main absorption band of each gas independently, assuming 
the radiation from above to be negligible and obtains 200° K for 
00,, 250° K for O, and about 180° K for H,0. Thus a relative 
increase in the amount of O, wotild raise the temperature of the 
stratosphere, while a relative increase of H^O would lower the 
temperature. Since the mixing ratio of 00, to air may be ta^en 
as constant (§ 2 (5)) the effect of tiiis constituent will only be felt in 
the general level of temperature. 

Dobson then considers the nature of the variatkmB in the tern* 
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perature of the lower stratosphere arising from the observed variation 
of O3 in space and time. The temj)orature itself must be determined 
in part by the intensity of the upward radiation at the tropopause, 
by the temperature of the troposphere, which lags in phase 
behind the annual variation of solar radiation by a month or more. 
But the ozone content is a maximum in spring and a minimum in 
autumn, with greater quantities present, therefore, before the sum- 
mer solstice than after. Thus the temperature wave of the lower 
stratosphere, where most of the ozone absorption is concentrated, 
will tend to be ahead of the troposphere wave. This is indeed the 
case, the maximum of stratospliore temperature in mid-latitudes 
being practically at the summer solstice. Again, the mean ozone 
content increases considerably with increase of latitude, accounting 
on Dobson’s argument for the warmer stratosphere and, therefore, 
lower tropopause in polar regions. These effects of season and 
latitude suggest that a rise of 1° C. in stratosphere temperature is 
accounted for by an increase of 0*004 to 0*010 cm. Og at S.T.P. 
Similar considerations will account in the main for the distribution 
of height and temperature of the tropopause in the area of a de- 
pression of middle latitudes (cf. § 2 (c)). Finally, the slow and then 
more rapid rise of temperature with height in the stratosphere 
is attributed to the relative increase of Og with height, though in 
the upper levels the absorption of solar energy will partly contribute 
to this effect. Thus the main features of the lower stratosphere 
are qualitatively accounted for in terms of ozone content only. 
No doubt there are effects also of variation in the water-vapour 
content, but their elucidation will necessarily wait on further 
hygrometric observations. In any case, it is now clear that, on 
account of the smaller quantities and smaller absorption coefficients 
of w:ater vapour than were earlier assumed, the temperature and 
other characteristics of the stratosphere are much less controlled 
by water vapour than was thought likely a decade ago. It also 
seems unlikely that dynamical effects should be the direct cause of 
any of the main features of the temperature distribution in the 
stratosphere. 

The complete quantitative evaluation of the temperature of 
radiative equilibrium of the stratosphere and of its variations in 
space and time must, of course, take account of the solar absorption 
as well as the terrestrial radiation, but from the evidence presented 
in this and earlier sections the problem now appears eminently 
tractable. But further observations of water*^ vapour oontenti ozone 
distribution, a finer resolution of the water- vapour and carbon- 
dioxide line and band structure, and more complete information on 
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the effects of pressure and temperature on the absorption spectra, 
are required in order to obtain thoroughly reliable values. Mean- 
while, we may consider that the temperature distribution up to 
about 50 km. is accountable for in a very qualitative fashion. 


ORGANIC CHEMISTRY. By O. L. Bbady, D,Sc., University College, 
London. 

Synthetic Antimalarials. — The cutting off of supplies of quinine 
from the East Indies greatly stimulated the search for effective 
substitutes for the treatment of malaria. The lifting of the ban on 
publication of work of national importance in this field has resulted 
in the appearance of reports showing the progress that has been 
made. 

An account of one of the most important developments appears 
in a series of papers from the Research Laboratories at Blackley of 
Imperial Chemical Industries, Limited, and from the University of 
Manchester dealing with the investigation, started in 1942, which 
led to the preparation of paludrine, N^-p-chIorophenyl-N®-wo- 
propyldiguanido. (Curd and Rose, J. Chern. Soc,, 1946, 1143, 362,729 ; 
Curd, Bavis and Rose, ibui.y 351 ; Hull, Lovell, Ojienshaw, Payman 
and Todd, ibid., 357 ; Curd, Raison and Rose, ibid., 366 ; Curd, 
Davis, Owen, Rose and Tuey, ibid.y 370, 720 ; Curd, Richardson 
and Rose, ibid,y 378; Basford, Curd and Rose, ihid.y 713.) This 
drug was first tested in avian malaria by Curd, Davy and Rose in 
1945 and in human malaria in the same year by Adams, Maegi*aith 
and others in Liverpool and by Fairley in Australia. Paludrine has 
been used successfully in the treatment of benign tertian malaria 
and in acute attacks of malignant tertian malaria ; it has a much 
wider therapeutic range of activity than quinine or mepacrine and 
produces no serious toxic side effects {British Medical Journal ^ 1946, 
903). Although the clinical picture cannot be complete until 
sufficient time has elapsed to ascertain whether radical cures are 
effected, it has been concluded that paludrine has proved superior 
to all known antimalarial drugs (Fairley). 

Apart from its curative and prophylactic effects, paludrine has 
two other advantages over mepacrine : its sjmthosis on the large 
scale is not particularly difla.cult and, being colourless, it does not 
produce an unsightly yellow staining of the skin when administered 
over long periods. 

The discovery of paludrine was not achieved by a hit-and-miss 
method as is commonly, but often mistakenly, supposed to be the 
case in the finding of new therapeutic agents, but resulted from 
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mgenioiis reasoning. The object set themselves by the investigators 
was to obtain a new synthetic substitute for quinine without the 
disadvantages of mepacrine, namel 3 ^ its liability, sometimes, to 
produce symptoms of intolerance, its tendency to impart a yellow 
colour to the skin and its complicated synthesis, which militates 
against its use for the mass treatment of poor communities. It was 
thought that the high toxicity of pamaquin [i] and mepacrine [ii] 
were due to the presence in the former of the quinoline and in the 
latter of the acridine nucleus, both heterocyclic systems foreign to 
the animal body. 



N 

[I] [nj 

Pamaquin Mepacrine 


If an antimalarial structure could be built up on the basis of a 
ring system of biological importance the animal body might possess 
more tolerance for such a compound, since the development of new 
methods of detoxification would not he called for, but only an 
adaptation of some process already utilised. The malaria parasites 
during part of thmr life cycle in the human host are generallj’^ believed 
to be intracellular, and the importance of pyrimidine derivatives in 
coll chemistry suggested that there might be some connection 
between them and the biological processes of the malaria plasmtKiia. 
It was decided therefore to investigate the use of this heterocyclic 
ring in building up antimalarials. 

Compounds of the types [iii] and [iv] 
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when in [ni] H, R'« OMe, R« R'^* H, R' « Cl ; R« R"« 01, 

R'«H and in [iv] R=®0Me, were tried but found to be without 
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antimalarial activity. Pyrimidine derivatives [v] were then pre- 
pared, containing dialkylaminoaJkylamino groups characteristic of 
mepacrine and pamaquin, but were still inactive. 


/ \ 

R -C CH 

R' ^ 

N-X\NH[CHa]tNEt, 

[V] 

R-R'-H; R-OMo, R'-H; R-H, R'-=OMe; R-Cl, R'-H 


On the other hand, 4-8ub8tituted-2*-amino-5 : 6-dimethyl pyrimidines, 
c.gr. [vi], and 2-8ub8titute4“anilino-4-aminoalkylamino-6-methyl 
pyrimidines, e.g, [vri], had antimalarial properties. 
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The 4-8ul)8tituted compounds were of special interest, as they were 
capable of an identical tautmneric change which S(!honhofer 
{Z, phydoL Ohem., 1942, 247, 1) related to the antimalarial activity 
of mepacrine. 
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Consideration of the skeleton of the tautomeric form of [vii], that 
is [vni], suggested that the 2 phenylguanidino-4-aminoalkylamino- 
6-raethyl pyrimidines, e.g. [ix], might be active and this was found 
to be the case. 

C.NH[CH,]»NEt, 

/ / \ 

n/\ N f,,/\ NH N CH 

I II II I 1 II L II 

C C.Me C C CMe 

V\ / \ / V\ / \ / % / 

NH NH ISfH NH N 

fvm] [ix] 

The final step resulted from a consideration of various compounds 
whose activity had been investigated. The isomeric pyrimidine 
derivatives [x] and [xij both had antimalarial activity, but [xii] 
had none. 
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All these are capable of tautomeric change giving [xiii], [xiv] 
and [xv] 
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but only the first two can undergo a second tantomeric change at the 
same time to [xvi] and [xvii]. 


C=NR' 
HN^ ^CH 


CMe 
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In [xv] this second change is blocked by the first. 

The salient features necessary for antimalarial action seemed, 
therefore, to rest upon the possibility of two simultaneous tautomeric 
changes and to reside in the system [xviii] 
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and it seemed possible that a ring system was unnecessary. The 
diguanide molecule contained the required structural features in their 
simplest form. The diguanide [xix] was prepared and surprisingly 
found to be inactive, and it is suggested that this might be due to the 
highly basic character of the molecule ; on the other hand the 
simpler compound [xx] was markedly active. 
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By substituting various tdkyl groups for ethyl the most active 
product proved to be the monoisopropyl derivative [xxi] now 
named paludrine. 
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Paliiidrme is synthesised by condensing p-chlorobonzene 
diazonium chloride with dioyandiamido to give the triazine [xxn], 
which was decomposed in a mixture of /S-ethoxyethanol and 
lON-hydrochloric acid to give p-chlorophenyldicyandiamide [xxixi]. 
This was oondehsed with isopropylamine in the presence of copper 
sulphate. The paludrine was separated as a copi>er complex which 
was decomposed by sodium sulphide. The product was purified by 
reformation of the copper comi)lex and precipitation of the copper 
again by sodium sulphide. 

The base crystallises from toluene in colourless rectangtilar plates 
m.p. 129° and the hydrochloride in colourless needles from water 
m.p. 243-244°. 
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This investigation has involved the pnsparation and test for 
antimalarial activity of very many compounds rwulting from small 
successive changes in structure ; for example, in the scries of which 
[vn] is a member, the effect of various substituents in different 
positions in the benzene nucleus was investigated. It was found 
that substitution in the para position led to higher activity tljan in 
the ortho or meta and that compounds with such substituents as 
Me, NO„ OMe, etc., were active, but that the p-chloro-coijipounds 
were more so. 

Mbcjhanism of the Beckmann, Losskn and Cuetius Chaitobs. 
— ^These molecular rearrangements are now generally regarded as 
involving the elimination of a part of the molecule with the electron 
pair which constituted the co- valent link. This leaves a place of 
electron deficiency which captures from another part of the molecule 
a group with its electron pair. The part first eliminated then forms, 
in the case of the Beckmann and Lossen changes, a new co- valent 
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link at the point from which the migrating group has come or, in the 
case of the Curtius change, a molecule of nitrogen escapes. 

The meohanisni can be picturtid as follows : 
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It is supposed that at no time during the change is the free radical 
RJ formed, but tliat the nitrogen as it loses its interest in the JOH 
acquires an interest in the JR; which does not lose completely its 
association with the C until it forms a complete co- valent link with 
N, which occurs only when the NJOH co-valenoy has completely 
broken. 

AdditiCnal evidence that this is correct has been supplied by 
Campbell and Kenyon {./. Clwm. Soc., 1946 , 26 ), who show that, 
whore R ( f iPh.llHMe, over 99 per cent, of the optical activity 

I 

of the compound is retained after the Beckmann, Ijossen and 
Curtius changes. Had the reaction involved the formation of the 
free radical 

Ph 



Me 


raoemisation would have occurred. 
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PHYSICAL CHEMISTRY. By J. W. Smith. D.Sc., Ph.D., F.B.I.C.. 

Battersea Polyteohnio. 

The Mbcjhanism op Oxidation and Rbduotion Rbaotions 
INVODVINO Electron Transfer. — One of the simplest and yet most 
interesting forms of chemical change is that in which the primary 
reaction, at any rate, involves only electron transfer, causing the 
conversion of a molecule into a charged ion or vice versa. A con- 
siderable time was devoted to these reactions during a General 
Discussion on Oxidation held by the Faraday Society during 
September 1946 and reported in the Transactions of that Society 
for March and April 1946. 

Reversible reactions of the electron transfer type have long been 
known and utilised in oxidation-reduction electrodes and in redox 
indicators. One of the most familiar examples is the quinol-quinone 
reaction, which was formerly supposed to be of the form 
C,H4(0H), C,H40,' -t- 2H-^ ; C.H.O, -f 2*. 

As the great majority of the compounds which are discussed here 
are homologues or analogues of quinol and quinone, the compounds 
will be written in the general form as QH, for the uncharged reduced 
form and Q for the uncharged oxidised compound. Therefore the 
essential reactions as given above will be written 
QH, ^ Q' -I- 2H+ ; Q" Q -t- 2e. 

The quinones are an example of the general class of molecules, 
including also unsaturated aldehydes and ketones, which contain 
conjugated double-bond systems with loosely bound electrons, and 
which consequently can readily donate or accept electrons. Such 
reactions will lead to no appreciable change in the skeleton of the 
molecule and therefore may be expected to have low energies of 
activation. 

One of the most fundamental theoretical aspects of the subject, 
which has been attacked by Coulson (Trans. Faraday 8oc., 1946, 42, 
106) is the question of the electron distribution in these compounds. 
It has been established that in this class of compounds conjugation 
occurs with aromatic and other unsaturated carbon groups so that 
the bonds involved become intermediate in character between single 
and double bonds. They are described by Coulson in terms of 
their “ mobile order ” p, which is zero and unity for pure single 
and double bonds, respectively, and has intermediate values for 
bonds similar to those present in benzene, for which partiouU^ 
case p — 0-67. Utilising the method of molecular orbitals, these 
bond orders have been calculated for a number of simple oases, 
and the bond-lengths deduced from them are found to be approxi- 
mately equal to the observed values when data for the latter are 
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available. The bond orders deduced for the various linkages in a 
few simple molecules are as follows : 





Pb 

P0 

Pi 

Pa 


• he 






butadioiio 

CH, - CH CH CH, 

0-894 

0*447 

0-894 



acrolein 


0819 

0-347 

0-920 



glyoxal 


0-885 

0-179 

0-886 




h, ...f 






quinone 


0 796 

0 305 

0-889 

1 



' j 

t b (\ 

/V 




1 

h 

o-quinone 

<l| le 

0-822 

0-356 

0-833 

0-448 

01 64 


V\o 







b e A 






diphonyl- 

quinone 


0 740 

0-369 

0-820 

0-469 

0-696 


Thus it may be inferred that in glyoxal, where no system of con- 
jugated C— C bonds occurs between the carbonyl groups, the two 
C=0 linkages are almost the same as in the normal carbonyl group, 
for which p = 0-896, t.c. the bonds are much more closely “ fixed ” 
than in acrolein. On the other hand, the effect of the conjugation 
is much more pronounced in quinone, for which the values of pj and 
Pj lead to calculated bond lengths of 1-46 and 1-36 A, respectively, 
as compared with the observed values of 1-60 and 1-32 A for the 
“ single ” and “ double ” bonds. In this case, therefore, the bonds 
are less “ fixed ” than in glyoxal, and the electron system is more 
mobile, an effect which is even more pronounced in the case of 
diphenyl quinone. Such compounds can be likened to a restricted 
ea^nt to metallic conductors, where the “ electron gas ” can move 
fireely, and consequently it is to be anticipated that such a system 
can readily act as an electron donor or acceptor in much the same 
way as a metal, without the charge addition or deficiency being 
regarded as residing exclusively at one' point. 

It is interestiiig to note the interpretation' of this conception of 
bond mder in terms of the contributions of each of the possibie 
canonical structural forms to the ground state of the molecule. 
This has not been evaluated for quinone, but for the case of acrolein 
the {NTOportions of the three possible structures are 

0=CH— GH=CH, .... . 0-682 

0— ClI--0H==GH, . . . . . 0-078 

b-4ai==CH---CH, 0-289 
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Thus the form in which the charges are at opposite ends of the 
molecule is more important than that where the charges are adjacent, 
this accounting for the bond fixation in glyoxal and the successively 
greater electron mobilities in quinone and diphenyl quinone. 

This concept of bond fixation is very important in considering 
the oxidation-reduction potentials of systems of the Q — QH, type. 
Branch and Calvin found an empirical relation connecting the 
oxidation-reduction potential with the number of ground-state 
canonical forms N in the oxidised and reduced forms ; 

Eo = 0-264 -t- l-351(Nr -■ N„)/(N, + N„). 

Evans, on the other hand, applies Coulson’s concept to the problem 
{Tmns. Faraday Soc., 1946, 42, 113). He points out that the energy 
change involv^ in the reaction Q -t- H, — ► QHj is given by 
— Dhi - 2Dor:^ + 2 Doh + l)c=c- Rq 4 Rqhj. 
where Djj is the heat of ilissociation of hydrogen, Dc_o 

I I 

are the heats of opening of the C-— 0 bond to C — O and C=<3 bond 

I I 

to — C — C — , respectively, Don is the heat of dissociation of — O — H, 
and Rq and Rqh, “-r® f^e resonance energies of Q and QH#, respec- 
tively. Evidently on passing from one quinone to another Dh,, 
D(wo, and Dow sensibly constant, whilst since the mole- 

cules Q and QH# differ little in mass, moments of inertia, or internal 
vibration frequencies the entropy change AS for the reaction will 
vary little in a series of quinones. Hence the change in free enei'gy 
(AQ) fhe reaction, given by aG = AH — TaS, as we pass 
from one quinone to another is determined at constant temperature 
by the term Rqh, — Rq. The value of Rqh, taken by EVons as 
approximately equal to the resonance energy of the corresponding 
hydrocarbon, evaluated by the molecular orbital method, whereas 
Bq is estimated by using the bond fixation method. The resulting 
values of Rqh, “* S'q give approximately a straight line relationship 
when plotted against E, the oxidation-reduction potential of the 
Q — QH# system for the series of ortho- and para-quinones, although 
there is some discrepancy between the two series. HowevOT, as 
pointed out by Evans, the ionic forms are important in determining 
the resonance energy and electron behaviour in a quinone, and 
treatments neglecting tips must be oonsidared as very a^roximate. 

This approach, however, considers only the initial reactant and 
the final product, but it has long been known that intermediate 
compounds, often highly coloured, are produced in these reactions, 
e.g. quinhydrone in the oxidation of quinol to quinone. These were 



PHYSICAL CHEMISTEY 


111 


formerly regarded as double compounds, e.g. C,H 4 (OH)„ 0^,0,, 
and called “ meriquinones.” This structure was doubted even by 
Hantzsch {Btr., 1916, 49 , 671) owing to the distinotive absorption 
spectra of the intermediate compounds, but he could find no com* 
pound of this type suitable for molecular weight determination. 
Later Weitz and Meitzner (Ber., 1931, 64 , 2409) found that the 
meriquinone compounds from dibenzyl-yy'-dipyridylium chloride 
and dibenzyl-yy'-dipyridylium had a molecular weight oorresponding 
to the single molecular radical. 

Tills problem was attacked by potentiometric titration methods 
simultaneously by Elema (JBcc. Irav. chim., 1931, 50, 807) and by 
Priedheim and Michaelis {J. Biol. Chem., 1931, 91 , 355), both using 
pyocyanine, a methylated oxyphenazine. Both investigators 
observed that at low pH values a discontinuity occurred in the 
titration curve and concluded that the oxidation occurred through 
two consecutive reactions, each involving the transfer of one electron, 
and suggested that at pH values below about 7 a half-way reduction 
product of character more similar to that of a free radical than to 
that of a meriquinone is formed. Michaelis has called such 
monomeric intermediate compounds “ semiquinones.” 

The argument developed by these investigators (c/. Michaelis, 
Chem. Reviews, 1936, 16 , 243) was that there are two possible 
series of equilibria, involving semiquinone and meriquinone ions, 
respectively. For the case of tetramethyl-p-phenylene diamine 
(CeH 4 NgMe 4 = T) these can be represented 

(a) Formation of semiquinone ion T+ T — ► T+ 4- e 

T+ T++ -f e 
T++ + T->2T+ 

(b) Formation of meriquinone ion T|++ 2T— ►T,+ + -f 2e 

T,++— ►2T++ 4- 2« 

T,+ + ->T++ + T 

Here T'*'^ is the oxidised (quaternary ammonium salt) quinonoid 
ionic form. It was inferred from consideration of these relations 
that the formaticm of a semiquinone should lead to a symmetrical 
curve of electrode potential against per cent, oxidation of the same 
sfaiifte As for a onS’-eleotron system, whereas for a meriquinone it 
shoukl be non-symmetrical and intermediate between the curves 
for tike one and two elecfron systems. Also, the curves should be 
independent of the absolute concentration for a semiquinone but 
dependent upon it for a meriquinone. The observed potentiometric 
titration curves of a number of systems favoured the semiquinone 
view. 

The first stage in oxidation processes of this type is now regarded 
generally as involving simple dectron transfer, yielding a univalent 
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radical oatictei, in which, as has boon seen, the electron deficiency need 
not be localised but is settled preferentially on the two active terminal 
groups. A number of examples of this t 3 rpe have been studied during 
past years by Weiss, who has summarised his conclusions {Trana. 
Faraday Boc., 1946, 42, 116). Such ions include those derived from 


quinol (HO^ — 'y — OH)* and the rather analogous compounds 
tetramethyl-p-phenylene diamine (Me,N — ^ — NMe,)* and 
benzidine (H^- 


diamine (Me,N — < 

^ — NHg)*, the latter having been 


shown to be responsible for the well-known deep blue of “ benzidine 
blue ” compounds (Weiss, Chem. and Ind., 1938, 617). Relatively 
stable positive ions (“ cationic semiquinones ”) are also formed from 
phenazine, oxazine, and thiazine systems (Michaelis et al., J. Amer. 
Chem. Boc., 1940, 62, 204, 1802 ; 1941, 63, 361, 1636). As would 
be anticipated, these ions are all formed in acid solution, since a 
high hydrogen ion concentration will favour the stability of the 
positive ion, which in most cases tends to split off a proton thus 
(QHj)’ T=i QH + H*. On this account in oases where there is no 


mobile proton, as in the case of (Mo,N — — ^NMe*)', the 

stability is increased. The stability will also be favoured by a 
low temperature and high proton affinity (t.e. basicity) of the free 
radical QH. Thus it is found that the presence in the molecule 
of — OH, — OMe, — ^NH*, or — NMe* groups as substituents in the 
carbon ring system, or of nitrogen, oxygen, sulphur, or selenium 
atoms in the conjugated ring system favour the formation and 
stability of the ions, through decreasing their ionisation potential 
and increasing the proton affinity of the radical. 

Similarly, anionic semiquinones, which are stable in alkaline 
solutions, may be formed either by the loss of a proton from the 
neutral radical QH or by addition of an electron to the Q moleoule ; 

QH fiQ' +H' ; Q -f e 

In this case the stability of the ion is also favoured by the resonmioe 
of the negative charge. 

'That such ions are actually formed is also supported by the f^t 
that the products of their dimerisation can' frequently be obtained, 
e.g. from hydroquinone and 2 : 6-dibromphenol*indophend[, in 
solutions which are ^ghtly alkaline, but that these dissociate giving 
equal amounts of the oxidised and reduced forms at lower pH values. 
Weiss has also obtained a considerable amount of evidence that the 
finmation of such ions may also occur with hydrocarbons, e.g. 
antfafacene, in conoentrated acid solutions, whmi oxidising treats 
yield strongly coioured solutions {Natwe, , 612). He also 
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BOggestB that such a mechanism may also explain the formatioh of 
dinaphthyl from naphthalene by oxidation with manganese dioxide 

in sulphuric acid, the initial process yielding 

loss of a proton and dimerisation gives the dinaphthyl radical and 
then dinaphthyl. The highly coloured compounds produced 
between polynuclear aromatic hydrocarbons and polynitro-com- 
pounds are also ionic in character, the coloured positive ion being 
formed by the transfer of an electron from the hydrocarbon to the 
nitro-compound {J. Chem. Soc., 1&42, 245). A number of highly 
coloured addition compounds between polycyclic compounds and 
bromine and iodine, which have been described by Braes and his 
co-workers {Ber., 1932-39) are probably of the same type ; the 
halogen is loosely bound and may be removed by treatment with 
thiosulphate. 

Another interesting aspect of the subject has arisen through 
attempts to correlate the velocity of such oxidation-reduction 
reactions with the free energy changes associated with the primary 
processes involved. In 1929, La Mer and Temple studied the 
autoxidation of quinol, catalysed by manganous salts, in acid 
solution by following the oxidation-reduction potential of the 
solution. They found the values of the reaction velocity to be a 
linear function of this potential (Proc. Nat. Acad. Sci., 1929, 15, 
191). This observation caused considerable interest, as it was the 
first time that the rate of a reaction had been found to be propor- 
tional to the free energy change involved. Since then it has been 
found by Chow and Kamerling that the oxygen absorption of oleic 
add and linseed oil, catalysed by potassium ferricyanide, molybdi- 
oyanide, or tungsticyanide, copper-glycine, copper-pyridine, or 
indophenol at constant pH value is proportional to the oxidation- 
reduction potential of the catalyst (J. Biol. Chem,, 1934, 104, 69 ; 
J. Atner. Chem. Soc., 1934, 56, 894), and other similar observations 
have been made. 

Barron {J. Biol. Chem,, 1932, 97, 287) studied the autoxidation 
by molecular oxygen of a number of reversible oxidation-reduction 
dyes, such as leuco-indophenol. At constant, pH value and in the 
absence of eatal 3 rBt 8 there was found to be in many oases a linear 
rdUttionship between the standard oxidation-reduction potential of 
the system and the logarithm of the time required to oxidise the 
dye from 2 per cent, to 60 per cent, oxidation. This implies also 
a linear relation between the time required for oxidation and the 
free energy changes (— ACl) for the reaction. Later, Dimroth 
{Anfjew. Chem., 1933, 46, 671) found a similar relationship between 
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the rates of reaction and the oxidation rednotion potential of the 
system for the interaction in glacial acetic acid solution 

between a series of quinones (Q) and oxidisable compounds (XHg) 
such as dihydrooollidine carboxylic ester and o~tolylphenyl seini- 
carbazide (XH^ + Q X + QHg). 

In a further attempt to throw light on the mechanism of such 
reactions, Baxendale and Lewin {Trans. Faraday Soc., 1946, 42> 126) 
have studied the direct oxidation by oxygen gas of the leuoo com- 
pounds of phenol-, o-broraophenoh, and o-chlorophenol-indophenols. 
They find the velocity of oxidation to be directly proportional to 
the concentrations of the leuco-compound and of oxygen and 
inversely proportional to the hydrogen ion concentration. They 
deduce, therefore, that the rate-determining step in the reaction is 
either electron transfer from the first dissociated state of the leuco- 
compound, followed by proton transfer, or these two processes may 
occur in one step as hydrogen transfer 

O, + HO— NH- \ O' 

HO <(^ ^>-NH— <■' ' ')>— O f O,' 

HH I o- .<^ y~'^' 

Further, from the velocities of the reactions at various temperatures, 
they deduce that the overall activation energy in each case is about 
18-4 kg.-calories. Also, at the same temperature and pH, the 
velocity constants were found to be equal within experimental error 
for each indophenol. If it is the first dissociated state of the leueo- 
compound which is involved, then evidently the velocity constant 
under otherwise constant conditions will be proportional to its 
concentration in the solution. As [QH'][H+]/[QH,] = K, the 
dissociation constant, the velocity of reaction would be expected 
to be given by 

Since the observed velocity constant k" (= i'K) is constant for the 
series .at constant pH, the true velocity constant k" is evidently 
inversely proportional to the dissociation constant of the reaction 
leading to the formation of the ion which is oxidised- 

This the investigators regard as reasonable, since oxidation 
probably involves the removal of an electron from QH' and hence 
depends on the ionisaWi potential of QH'. The ionisatioh of QH, 
to QH' involves in electron affinity of QH, i.e. also the ionimtion 
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potential of QH', and tharefore in considering the energetics of the 
two reactions ooncemed this ionisation will enter into each but with 
opposite signs. Therefore, if this term constitutes a large part of 
the free energy changes involved, it would be inferred that a change 
in ionisation potential would cause the observed velocity constant 
to vary inversely with the first dissociation constant of the reduced 
compound. 

This reaction mechanism, however, does not accord with the 
straight line log Tc — aGJ relationship observed by Barron. Baxen- 
dale points out that the more rapid rate of oxidation found by 
Barron may be associated with an electrode equilibrium of the type 
Q"" Q + 2fc set up on the colloidal palladium used in the reduction 
to the leuco-compound, but it is deduced that if such were the case 
the slope of the curve of log^o^ against would still be 3F/2.3RT 
or about 33, whereas Barron found a slope of about 4. 

An obvious corollary, which does not seem to have been pointed 
out, is that this same type of electron -transfer mechanism is in 
accord with the observed relationship between the potential of the 
quinone quinol (quinhydrono) electrode and the quinono, quinol, 
and hydrogen ion concentrations, or more precisely, activities. This 
is usually expressed in text-books by supposing that the electrode 
equilibrium involves the doubly charged hydroquinone ion and 
quinone molecules, thus : Q" ^ Q + 2e. For such equilibria the 

RT (I 

electrode potential can be expresscfl in the form E - f 

where and represent the activities of the oxidised and reduce<l 
forms, respectively, z is the number of electrons transfeiTed in the 
electrode process, and E^ is the electrode potential when the activities 
of the two forms are equal. The dissociation of quinol is then 
represented as QH* ^ Q"" + the dissociation constant being 

written K == This leads to the expression 


E E-> + 

^ 2F oq. ^ 2F K.Oqh, 

, RT- uq RT, 

- E + + “y 

where E®' has the significance of being the electrode potential when 
the aotiTities of quinone and undissodated quinol are equal (as is 
approximately the case when quinhydrone is employed in this 
electrode under oireumstances such that the concentration of un- 
disaooiated qiunol can be taken to represent aO the reduced form 
present) and the hydrogen ion activity is unity. 

As, however, the electrode is normally used in solutions of pH 
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not exceedixig about 8, it is evident that this treatment is incomplete, 
since the concentration of the ion will be very low indeed, the 
predominating ion being QH'. If, however, the successive reactions 
are taken to be of the form ; 


QH, ^ QH' + H+ 

QH' ^ QH *f e (at electrode) 
QH v=^ QH't -f e (at oloctrodo) 
QH+ Q f H+ . 


( 1 ) 

( 2 ) 

(3) 

(4) 


the dissociation constants for the reactions (1) and (4) in the solution 
are given by Ki ~ ^ respec- 

tively, whilst the electrode potentials for the two electrode reactions 
(2) and (3) can be expressed 


Ej ■- E« -I 

F Uqh' 


Ea = E« 4- 


F uqh 


But for equilibrium in the system E 2 and E* must be equal, i.e. 
Eg — Eg — E, and hence 


2E E. f Eg - E« + EJ + 


®QH' ®QH 


E5 + Erf 




F K.iK4.aQij^ 

Putting the terms which are invariant at constant temperature in 
the form this becomes 


E := E° + 

2F 


, RT, 

+ InuH^ 

®QII, ^ 


It may be added that the same relationship may also be deduced 
if it is assumed that the last two stages of the reaction are 

QH ^ Q' + H+, and Q' ^ Q + «• 

Mechanisms involving the transfer of a single electron are very 
attractive owing to their simplicity, but in some cases it does appear 
that other forms of ions are involved. For instance in the autoxida- 
tion of duroquinol (C«{CHg)«(OH)g) to duroquinone and hydrogen 
peroxide, the rate of reaction was found by James and Weissberger 
{J. Amer. Chem. Soc., 1938, 60, 98) to be proportional to the square 
of the hydroxyl ion concentration, indicating that the first step is 
the formation of the C,(CHg)«Og'’ ion. They consider that the 
evidence obtained indicates that two processes then occur : (a) inter- 
action of the ion with oxygen with velocity directly proportional 
to the concentrations of oxygen and of the ion ; and (6) further 
reaction with the duroquinone already formed, with yelocity pro- 
portional to the concentrations of quinone and of the ion and 
independent of the oxygen concentration. 
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A reaction involving electron transfer as the prunary process, 
when activated photoohemically, amounts to a photo-electric effect. 
Such behaviour was observed by G. N. Lewis and his co-workers 
(/. Amer Chem. Soc., 1942, 64, 2801 ; 1943, 65, 2419, 1424), who 
irradiated tetraphenylhydrazine in rigid solvents with ultraviolet 
light, when the solutions bec>ame coloured and showed three main 
absorption bands attributable to NPhj, NPha”^ and NaPh 4 ^. They 
inferred that the light caused dissociation into the NgPht"^ ion and 
an electron, the former disappearing through two parallel mechan- 
isms, viz. recapture of an electron and dissociation into NPh, 
and NPha+ 

NaPh 4 f hv e NjPh^ ; 

Naini4+ NPh, f NPha+ 

Lewis calls the initial product of the electron omission an odd ion.’* 
Similar behaviour was observed on irradiation of oxazine, thiazine, 
and leuco-dyes in an alcohol-isopentane-ether mixture at liquid air 
temfierature. With oxazine and thiazine, for instance, two semi- 
quinone forms are produced, one by ejection of an electron and the 
other by loss of a proton from the first on standing. The process 
can therefore be represented QHg f hv f QHi^ — > QH 
As pointed out by Weiss, however {Tmns. Faraday Soc., 1946, 42, 
133), this picture of the reaction is incomplete, since it occurs only 
in the presence of certain electron acceptors, such as ether and 
oxygen, 

Weiss had previously (Nature^ 1943, 152, 176) emphasised the 
close relationship between these processes and the quenching of 
fluorescence of, for example, |X)lyoyclic hydrocarbons, chlorophyll, 
etc., by molecular oxygen, nitric oxide, and other molecules which 
have a suitable vacant electron level into which the excited 
election from the absorbing molecule can be passed, thereby 
preventing it from returning to the ground state with the emission 
of fluorescen6e. Such reactions can be represented as involving 
the processes : 

liH 4- hv — RH^ (Ab 8 orf>tion) 

RH^ — ► RH -f /tv' (Fluoresoent Emission) 

RH* + 0| — ► RH4- 4 " O 4 ' (Quenoliing) 

In many cases the quenching reaction is completely reversible in 
the dark, but when oxygen is the quenching agent the result may 
be the formation of peroxides. 

All photosensitised oxidation reactions are regarded by Weiss 
as involving three components, (a) the light-absorbing molecule 
(sensitiser), generally capable of exhibiting fluorescence, including 
such compounds as eosin, methylene blue, chlorophyll, uranyl salts. 



SOIBNOB PEOaaBSS 


118 

etc. ; (RH), (6) the oxidising agent, which may be molecular oxygen, 
hydrogen peroxide, or silver, ferric or other metallic ions, and (c) 
the acceptor, which is oxidised and must have reducing properties, 
e.g. iodide, ferrous, or sulphite ions, leuco-dyes, etc. (Aoc). The 
reactions are classified into two groups, according as the fluorescence 
of the absorbing material is quenched by the oxidising agent or 
by the acceptor. This view offers a simple explanation of many 
observations in this field. 

For instance, it had been observed by Kautsky, de Bruijn, and 
Baumeister (Ber., 1933, 66, B, 1688) that when trypafliavin and the 
leuco-base of malachite green are adsorbed separately on silica gel 
and brought into proximity, the leuco base undergoes oxidation in 
light provided that a low pressure of oxygen is present. If the 
two adsorbates are separated by more than a few millimetres or 
if the oxygen pressure lies outside a restricted ranget however, 
oxidation does not occur. It was shown that the two compounds 
cannot come into direct contact and that the decomfmsition products 
of the trypaflavin do not cau.se the oxidation. It was therefore 
inferred that the oxygen molecules become activated through trans- 
ference to the oxygen of the light energy absorbed by the trypaflavin, 
and then oxidise the leuco-base. As the energy absorbed was small 
they excluded the possibility of the formation of oxygon atoms or 
ozone, and suggested that a metastable activated oxygen molecule 
is produced. 

Weiss, however, regards this case as an example of his first group 
of photosensitised oxidations, in which the fluorescence is quenched 
by the oxidising agent, in this case oxygen, and has suggested 
{Naiurwiaa., 1936, 35, 610 ; Trana. Faraday 8oc., 1939, 35, 48) that 
the oxidation of the leuco-base may in such oases be brought about 
by the production of HO* radicals through the processes 

RH* -f 0,->RH+ + O,' 

RH+ -> R + H+ 

H+ -f O,' -► HO, 

The HO, radical can then readily oxidise any suitable acceptor 
present, e.g. the leuco-base, being itself converted into HO,' or H,0,. 

In the second group of photosensitised reactions the quenching 
of the fluorescence of the absorbing molecule is regarded as being 
affected by the passage from the acceptor to the excited molecule 
of an electron which can fill the vacant level created by tlte optical 
excitation process. The aooeptbr in this case must therefore possess 
a loosely ^und electron, and the primary quenching process <uui 
be reptosented B* + Aco — ► D' -I- Aco+. ’Hie olasimcal case of the 



PHYSICAL CHEMISTRY 


119 


oxidation of iodide ion, senBitised by eoaln and other dyee ( Jodlbauer 
and Tappeiner, Die aenmbHiaierende Wirkung fluoreazierender Sub- 
atanzen, Leipzig, 1907) and most photosensitised oxidations in 
solution are regarded as belonging to this group. 

In such oases the initial process in the reaction between an 
excited dye molecule and the acceptor amounts to a photosensitised 
reduction, since subsequent reactions lead to the formation of the 
semiquinone and then through dismutation to the leuco-dye ; thus 

D' -f H+ ^ DH 

DH 4 D' ^ DH' 4 D and DH' 4^ H+ DH, 
or 2DH 1^::^ DH, f D 

reactions of the same type as are met with in other forms of electron- 
trdnsfer processes. Confirmation of this mechanism is provided by 
the observation of Holst {Z, phyaikal. Chem.y 1937, 179, 172) that 
the normally established equilibrium in the system phenylhydrazino 
sulphonatiC — methylene blue is shifted by irradiation. 

In the presence of an oxidising agent the leuco-dye may be 
reoxidised to the original dye either by thermal or photochemical 
reactions. The former involve electron -transfer reactions between 
the leuco-dye and the oxidising agent, which in the case of oxygen 
may be successively reduced to 0,' (or HO,), HO,' (or HjO,) and OH'. 
These reactions are frequently catalysed by metal ions (c/. Weiss, 
NcUnre, 1934, 133, 648; Naturunaa, 1935* 23, 64). 

In some cases an ordinary molecule of the same species may act 
an acceptor, resulting in self-quenching of the fluorescence, which 
may result in the photochemical formation of oppositely charged 
ions from the same molecule, thus A* 4- A — > + A' (Weiss and 
Weil-Malherbe, J. Chem, Soc,, 1944, 544); The production of such 
ions in the case of some hydrocarbons such as anthracene and 
chrysene is supported by Volmer’s observation of the photo-con- 
ductivity of their solutions in solvents such as hexane. 

A particularly important aspect of this theory is its application 
to the photosensitisation of the photolytio decomposition of the 
silver halide in a photographic emulsion. This may he explained 
either by a Group 1 mechanism, such as was favoured by Gurney 
and Mott (Proc, Soy. Soc., 1938, A, 164, 161) 

D* 4- Ag+ — ► 4- Ag 

D+ 4- Br'~^D f Br 

or by a Group 2 mechanism of the form 

D* f Br'->D' + Br 
D' 4“ Ag+ — ► D 4“ Ag 

On the other hand, Sheppard, Lambert, and Walker (J. Chem, 
Phyaics^ 1943, 11, 263) consider that the evidence favours energy 
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transfer, rather than eleotron transfer, as the fundamental reaction 
in sensitisation. This appears to be a very interesting field for 
future developments. 

GEOLOGY. By G. W. Tyuriell, A.R.C.Sc., D.Sc., F.R.S.E., The University, 
Glasgow. 

Pbtroloqy— Thb Granitisation Oontroveesy. — A lively con- 
troversy on the origin of the famous Rapakiwi granites was opened 
by H. G. Backlund with his paper “ Die Umgrenzung der Svoko- 
fennides ” {Bvll. Oeol. Inst. Upsala, XXVII, 1937, 219-69) and 
continued later in a paper entitled “ The Problems of the Rapakiwi 
Granites ” (Joum. Oeol., XLVI, 1938, 339-96). He shows that the 
typical coarse porphyritic granites with ovoids of potash-feldspar are 
always associated with ordinary granites having normal equigranular 
or porphyritic textures. In the field the Rapakiwi granites are 
“ vicarious ” {i.e. substitutionary) with the Jotnian Sandstones, 
and have a similar distribution on or near the boundaries between 
the Sveko-Fennian and the Gotho-Karelian erogenic belts. 

Discussion of the characters of Rapakiwi granites leads to the 
conclusion that they have been formed mainly from Jotnian sand- 
stones by processes akin to metasomatism (t.e. granitisation). The 
changes are ascribed to the influx of alkali-aluminates as “ emana- 
tions,” in quantities corresponding to, and fixed by, the porosity of 
the parental sandstones. A surplus of emanations, with increase of 
volume, gave rise to true dynamic magmas — ^the acid surface lavas 
of rheomorphic origin. 

Backlund’s views were at once vigorously challenged by H. von 
Eokermaim in a paper on “ The Genesis of the Rapakiwi Granites ” 
{Oeol. For. Fork. StocTcholm, 59 , 1937, 603-24). Von Eckermann had 
previously shown that the igneous rocks of the Jotnian, including 
the Rapakiwi granites and basic irruptives, were genetically con- 
nected and formed a well-marked petrographic province. His main 
point in answer to Backlund’s theory is that the Rapakiwi Granites 
are not contemporary with, or later than, the Jotnian sediments ; 
in fact, the granites and associated rooks have weathered to form the 
basal arkoses of the Jotnian, and hence pre-dated them. Further, 
if the granitisation theory be accepted, the emanations that trans- 
formed the Jotnian sandstones must have had a highly unusual 
composition — a h 5 ^ou 8 alkane fluid very rich in F and Ti. Again, 
Rapakiwi Granites are known with both roof and floor consisting 
of Arohssan rocks. 

In a rejoinder Backlund (“ The Rapakiwi Puzzle,” Oeol. Ffirl 
F&rh. Stockholm, 60 , 1938, 106-12) has an answer to most of von 
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Eokemoann’s objections. He insists that granitisation is not a 
special process of the AroluBan, or of great depths, but is appropriate 
to all fold-mountain regions. The crucial problem is that of 
emplacement — ^the space-making problem — which is solved by grani- 
tisation, but not by any theory involving huge batholithio intrusioncf. 

In his reply von Eckermann (“ The Rapakiwi Facts,” ibid. 
113-16) denies that there is any special space problem in con- 
nection with the Rapakiwis. He refers to ” domed Archsean roofs ” 
which have effectively provided room for the granite masses. The 
space problem, if it exists, is presented far more by the voluminous 
basic magmas than by the associated Rapakiwi Granites and 
porphyries. 

Another critic of extreme granitisation theories is N. H. Magnus- 
son who, in papers entitled “ Die Granitisationstheorie und deren 
Anwendung flir Svionische Granite und Gneise Mittelschwedens ” 
(Oeol. For, Fork. Stockholm, 59 , 1937, 526-47), and “ Die Genesis 
der Svionisohen Granite. Zur Diskussion iiber die Granitisations- 
theorie ” (ibid., 60 , 1938, 285-316) strongly controverts Backlund’s 
views in relation to the Urgranites (Svionian) of Sweden. The geo- 
logical observations of twenty years on these rocks have convinced 
him that Backlund’s theory of the origin of granites by regional 
metasomatism of sediments cannot be upheld. Although he himself 
has been compelled to assume regional metasomatic replacement 
of a major order to explain the Sddermanland Gneiss, Magnusson is 
of opinion that Backlund makes an illegitimate extension of the 
processes admittedly operative in the formation of the Archaean 
gneisses to the origin of the homogeneous granites which are clearly 
intrusive into them. 

Backltmd further summarises his views and answers his critics 
in a paper “ Zur ‘ Granitisationstheorie ’ ” (Oeol. F&r, Fdrh. Stock- 
hdm, 60 , 1938, 177-200). 

One of the best recent elucidations of the subject of granitisation 
is the paper by M. MacGregor and G. Wilson, “ On Granitization and 
Associated Processes ” (Geol. Mag., LXXVI, 1939, 193-215). Grani- 
tisation is “ widely defined as the process by which solid rooks are 
converted to rooks of granitic character.” It seems to involve two 
processes : “ (a) Metasomatism under the influence of permeating, 
highly-energised fluids— emanations — ahead of advancing magma; 
and (6) Mechanical penetration by magma.” In the first process 
selective metasomatic exchanges take place between the xnineraJs 
of the country-rooks and the pore-fluids, leading towards a common 
end-product, i.e. a rook of granitic character. The second process 
follows the first without a break, or it may overlap. It produces 
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material of composition intermediate between that of the magma and 
the invaded rocks. Mechanical injection mostly takes place at 
higher levels ; metasomatism at the lower levels where the energy- 
charge is still high. At the highest levels reached the magma 
becomes truly intrusive and effects little change on the country- 
rocks. 

In his paper on “ Formation of Igneous-looking Rocks by Meta- 
somatism : A Critical Review and Suggested Researoh,” F. F. 
Grout {Bull. Oeol. Soc. Amer., 52, 1941, 1525-76) has ranged over a 
wide field of literature published since Sederholm gave a new impetus 
to the discussion of granitisation in his paper of 1913. He has 
performed a useful if onerous task in following and elucidating the 
changes of meaning in such terras as granitisation, metasomatism, 
contamination, etc. Further, he schedules the criteria of meta- 
somatic replacement under no fewer than 31 headings. Grout 
suggests that merti reconnaissance no longer suffices a« a basis for 
the suggestion of large-scale raeta.somatic replacement, and that a 
promising region should be selected for thorough detailed .study from 
all angles to provide a type with which other regions may be 
compared. 

It is impossible to do justice to Professor H. H. Read’s original 
and penetrating work on metaraorphism and igneous action, on the 
origin of granite and on the processes of granitisation, within the 
limits of a paragraph or two. Unlike many scientific works Read’s 
papers, with their literary style and often witty character, are as 
entertaining to read as they are potent to convince. 

In his Address on “ Metamorphism and Igneous Action ” (Brit, 
Assoc. Adv. Sci., 1939, Pres. Address, Sect. C — Geology, 29 pp.) he 
deals mainly with the origin of regionally metamorphosed rooks 
after ah historical review of the subject. He shows in turn that 
stress, load, and depth, singly or in combination, are “ not enough” 
for regional metamorphism. There is needed, in addition, penq,- 
tration and replacement of the rooks by fluids maiifly of magmatic 
origin. A preliminary discussion of granitisation is given, and the 
questions of feldspathisation and metamorphic zones, the latter with 
jq»ecial reference to Barrow’s pioneer work in the Scottish Highlands, 
are dealt with. 

Bead’s " Meditations on Granite, Part I ” (Proc. Oeol. Assoc., 
LIV, 1943, 64-86) is mainly a discussion of the deflnitions, natoie, 
CMrigtn, and differentiation of granite from the historical standpoint. 
The concepts “ maigina ” and “ migma ” are also discussed, and the 
part ^ds with a brief endorsement of Keimedy’s ideas concerning 
platonic and volcanic associations. 
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Part II of “ Meditations on Granite ” (ibid., LV, 1944, 45-93) 
deals with granitisation, again in its historical aspect. The early 
French and the later Fenno-Scandian contributors are fully and 
penetratingly discussefl. Then comes a shrewd and amusing account 
of the Baoklund-von Eckermann controversy over the Rapaldwi 
Granites, a discussion of the origin of big feldspars at granitic con- 
tacts, and the “ mobilisation ” of invaded rocks. Finally, in a 
“ return to Lyell ” Bead propounds the \dew that there are three 
great classes of rocks : 

1. Neptunic. The sedimentary rocks. 

2. Volcanic. Lavas and associated intrusions, truly igneous or 

magmatic . V ariation by crystallisation-differentiation . 

8. Plutonic. Two associated kinds ; the raetamorphic rooks, and 
the ultra-raetamorphic,' migmatitic, mctasomatic, granitic 
rocks in orogenic environments. Includes the great granite 
masses with the gneisses and schists. 

P. Niggli, on the other hand, reaches diametrically opposite con- 
clusions to Read’s and the granitisers in his memoir on “ Das Prob- 
lem der Granitbildung ” (Schioeiz. Min. Petr. Mitt., XXII, 1942, 
1-84). He also takes the historical standpoint and uses the his- 
torical method, but he appeals to a different 8t>t of authorities, 
mainly German and Swiss. As a result the magmatic theory of the 
origin of granite is uncompromisingly upheld. He stigmatises the 
views of Van Bemraelen. Backlund, Wegmann (esptioially Van 
Beramelen) as mystical rather than scientific. 

Excellent critical discussions of granitisation ba8e<i mainly on 
the preceding papers have been given by A. Holmes, “ Natural 
History of Granite ” (Nature, 155, 1945, 412-16), and R. H. Rastall, 
“ The Granite Problem ” (Gkol. Mag., 82, 1946, 19-30). For a further 
summary of Read’s views, see Science Pboorbss, 34, 1946, 659-69. 

Backlund, fortified by perusal of Bead’s “ Meditations on 
, Granite,” returns to the subject in a paper on “ The Granitization 
Problem ” (Oeol. Mag., 83, 1946, 105-17). Much of the paper deals 
with the development of ideas on granitisation in Fennoscandia, 
and particularly with the opposition to Sederhcdm’s views. Seder- 
holm’s early description of the process (as seen by Backlund ?) is 
worth quoting : “ ... it is a diffuse penetration of pre-existing 
rooks ... by addition of extraneous material from below, without 
the mother-rooks having undergone melting at any point, and with 
{tartial exsolution of surplus constituents.” Backlund 8a3r8 of the 
notorious “ emanations ” considered necessary for granitisation : 
” A minor influx of Na and Si, without visible granitic affinities, 
assobitted with suitable thermodynamic conditions, seems to be all 
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that is necessary to start a long series of chain reactions within the 
geosynolinal rocks.” 

In recent discussions of the processes of raotasomatism and 
granitisation the possibility of the passage of “ emanations ” 
through solid rocks and mineraLs, partly by penetration of the 
crystal lattices, has been alluded to. Two papers by R. Perrin 
and M. Roubault (“ Les reactions h I’^tat solide et la g6ologie,” 
BuU.. Serv. Carte giol. Algerie, 5 ser., No. 1, 1937 ; and “ La granite 
et les reactions k I’^tat solide,” ibid., No. 4, 1939) are mentioned 
by Backlund as of significance in granitisation theory, but the 
writer has not been able to consult these papers. Fortunately, 
however, J. A. Bugge, of Oslo, has comprehensively reviewed the 
whole subject in a memoir that has just come to hand (“ The Geo- 
logical Importance of Diffusion in%he Solid State,” AvhamiL Nor/tke 
Videmk.-Akad. Oslo, /. Math. Nat. Kl, 1945, No. 13, 59 pp.). Accord- 
ing to Bugge, diffusion of “ ichor ” or emanations through solid 
rocks may take place either through the tenuous intergranular 
fluid films, or through the crystal lattices. “ The rocks are, so to 
speak, immersed in a molecular and ionic disperse system of par- 
ticles which move through the interstices of the minerals and 
through the minerals themselves, altering metasomatically every 
part of the rooks.” Large ions such as O, OH, Cl, P, etc., probably 
have to diffuw in the intergranular films smaller ions through the 
crystal lattices of most suitable size. 

Bugge considers that the above processes are responsible for 
the following phenomena which are arranged in order of increasing 
distance of diffusion : (1) Exsolution processes in mixed crystals ; 
(2) isomorphous substitution in mixed crystals ; (3) formation of 
reaction zones between adjacent minerals [e.g. coronas, etc.) ; (4) 
formation of reaction zones between adjacent rocks {e.g. skams, 
etc.) ; long-distance migrations with the formation of metablastic, 
metatectic, and palingenetic rooks {e.g. granitisation, large-scale 
metasomatism, etc.). 

In his detailed survey of a small part of the great “ Coast Range 
Batiiolith near Vancouver, B.C.” {Qmrt. Journ. Oeol. 8oc,, Cl, 1946, 
37-88), T. 0. Phemister has produced a kind of test case to aid in 
the assessment of the rival claims of ” magraatists ” and ” emana- 
tionists ” concerning the origin of granite masses. The Coast Range 
Bathdlith is 1260 miles long by 126 miles across. The area studied 
by Phemister is 10 by 20 miles in area, situated within the oontacf 
region of the batholith. The normal rook is a homogeneous grano- 
diorite with a more sodio knioooratio phase in the marginal zone. 
Further, a dioritio phase occurs to the west, which is regarded, at 
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least partly, as of hybrid origin. The country-rocks are meta- 
basalts with some more acid types, which have suffered regional 
metamorphism at a period long antedating the emplacement of the 
bathoUth. 

While admitting hybridism in the contact region described, 
Phemister is reluctant to extend the replacement or granitisation 
conception to the main mass of the batholith, and thus extrapolate 
from exceptional marginal conditions the view that replacement is 
responsible for the whole of this enormous mass. The paper was 
followed by an illuminating discussion in which both sides of the 
granitisation controversy were represented. 

On the other hand, thorough -going granitisation is advocated 
by Miss D. L. Reynolds in her paper on “ The South-western End of 
the Newry Igneous Complex (Quart. Jmirn. Oeol. Soc., XCIX, 1944, 
206-46). The mass is shown to be composed of hornblende-, 
biotite-, and porphyritic-granodiorite. Biotite-granite is regarded 
as having been developed from biotite-homfels by the incoming of 
Na, Ca, and Si, with the concomitant removal of Al, Fe, Mg, Na, 
K, H, Ti, P, and Mn. The outgoing elements were fixed in adjacent 
belts of biotite- and diopside-hornfels, the latter being progressively 
basified and finally converted into pseudo-diori es. It is suggested 
that the basic material which migrated from the region of granitisa- 
tion as a whole was fixed (a) in the biotite-enriched contact aureole, 
and (b) in basic and ultrabasic roof-rocks such as those which are 
known to cap the granodiorite elsewhere. Thus the basic and ultra- 
basic types which are developed are complementary to the grano- 
diorites, and the metasomatic processes finally culminate in magma 
formation and intrusion. 

B. C. King, in describing “ The Cnoc nan Cuilean Area of the 
Ben Loyal Igneous Complex ” (Quart. Joum. Oeol. Soc., XCVIII, 
1943, 147-80), states that the two main syenitic masses of this 
complex have the form of cones with their apices pointing downward. 
The Cnoc nan CuUean mass consists of pulaskite with a marginal 
zone of variable syenites. It is intruded into Moine Granulites 
which have been metasomatically altered with the introduction of 
albite, aegirine-augite and hornblende. The contacts of the peri- 
pheral variable syenites with the Moines are often transitional. 
The basic syenites are considered to be the result of hybridisation 
of basic metasomatised rooks by a feldspathio syenite of rheomor- 
phic origin. 

“ The Garabal Hill-Glen Fyne Igneous Complex,” described by 
S. R. Noekolds (Quart. Joum. Oeol, Soc., XCVI, 1941, 461-611), 
is 12| sq. miles in area and is situated west of the head of Loch 
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Lomond. It consists mainly of a porphyritic granodiorite, but this 
is the final term (except aplites and pegmatites) of a series of intru- 
sions ranging from peridotites and pyroxenites (earliest), through 
gabbros, pyroxene-mica -dioritea, apj)inites, xenolithic dioritea, 
quartz-diorites, medium granodiorites, to the jwrphyritic grano- 
^orites aforesaid, named in probable order of intrusion. It is 
eoncluded that crystallisation-differentiation is the only process 
competent to account for the origin of this series except that, for 
certain types, contamination with the surrounding schists must be 
postulated. 

“ The Portencorkrie Complex of Wigtownshire,” described by 
N. Holgate {Oeol. Mag., LXXX, 1943, 171-96), consists of dioritic 
rocks intruded by a central granito (adamellite) which has exten- 
sively hybridised the adjacent diorites at its contacts. The diorit© 
is a hypersthene-bearing pyroxene-mica-diorite at its contact with 
the Silurian sediments, and f)a88eB inwards to successively more 
acid types originating, the author thinks, by crystallisation-differen- 
tiation. The basic diorite at the northern margin of tlie mass has a 
chilled porphyritic facies which, when not modified by the assimila- 
tion of sediments, represents the original dioritic magma. Re- 
semblances to the Garabal Hill- Glen Fyne and other OaUxlonian 
igneous complexes are noted. 

“ A Homblendic Complex, including Appinitic Types, in the 
Migmatite Area of North Sutherland ” is described by Y. Cheng 
{Proc. Oeol. Assoc., LIII, 1942, 67-86). The main types are pyro- 
xenites, hornblendites, hornblende-}>yroxene-biotite-sohist8, coarse 
appinites and their late migmatitic derivatives, pseudo-dioritic 
gneisses, homblende-augen-gneisses and granite-gneisses. The com- 
plex thus includes rooks resembling the Ach’uaine Hybrids of 
Sutheriand and the Appinite Suite of the South-western Highlands. 
The parental rooks of the Complex were the results of hybridisation 
completed before the general migmatisation of the region, and they, 
in turn, were profoundly modified by the processes of that period. 

The same author has dealt with “ The Migmatite Area around 
Bettyhill, Sutherland ” {Quasi. Joum. Oeol. 8oc., XCIX, 1944, 107- 
64), and gives the following concise summary of his work : “ The 
migmatization of politic, semi-pelitio, siliceous and homblendic 
rooks of the Moine Series is a record ... of metasomatic rfiianges 
brought aWut by the activity of alkaline solutions. Pelitio gndases 
are converted by soda-metasomatism into permeation-gneisses. 
Semi-pelitic granuUtee give rise to augen-migmatites through the 
action of potash-bearing fluids. . . . Various types of granite- 
gneisses arise from the different sedimentary ^karents. Many 
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sheets of pegmatite, granite and aplite are shown by their field rela- 
tions to have been formed by the gradual metasomatism of the 
country rocks, probably by the long-continued passage of fluids 
along certain channels.” 

G. E. Goodspee has described ‘‘ Small Granodioritic Blocks 
formed by Additive Metamorphism ” {Jovm, OeoL, XLV, 1937, 
741-02). The occurrence is a cataclastic homfels which carries 
small, fresh and unsheared blocks of granodiorite often with sharp 
outlines, but sometimes with gradational contacts. Some of the 
blocks contain inclusions of the hornfels, and from some of them 
apophyses extend into the adjacent rock. These blocks cannot be 
adequately explained by cataclasis or by magmatic injection. The 
field and microscope evidenc^^ points to the conclusion that the 
blocks are the result of replacement of highly crushed parts of the 
homfels by hydrothermal solutions. 

In a paper on “ The Metasomatism of Karroo Sediments by 
Doleritci,” F. Walker and A, Poldorvoart (Trans. Roy. Soc. S. Afr.y 
XXIX, 1942, 285-307) ‘show that the Karroo dolerite m^ma is 
capable of converting argillaceous siltstones into a distinctive type 
of granophyre characterised by conspicuous prisms of pyroxene. 
This transformation is accomplished by metasomatio processes 
involving a small magmatic addition to the siltstones, mainly of 
cafemic oxides. Rheomorphic phenomena show that the grano- 
phyre became fully mobilised. 

In a valuable paper F. F. Grout critically discusses the criteria 
used in determining the origin of inclusions in igneous rocks {Bull. 
Oeol. Soc. Amer., 48, 1937, 1521-72). Segregation in place can only 
be suggested for glomero}x>rphyrie8 and possibly orbicules. As 
inclusions react with the magma in which they are immersed they 
may be completely changed in texture and in chemical and mineral 
composition. The criteria of origin may thus be lost. 

IMerholm described the oligoclase-rich diorites which form the 
great majority of orbicular '‘ granites ” as esboite. P. Eskola thus 
writes on “ The Esboitio Crystallisation of Orbicular Rocks ” 
{Jonm. OtoL, XL VI, 1938, 448-85) in a valuable discussion of the 
origin of the orbicular structure. The novelty of Eskola's theory is 
that the orbicules are believed to have been formed at a late stage 
of magmatic consolidation " when the diorite was a mush of crystals 
and magma.”‘ The concretionary crystallisation is thus thought to 
be due to a metasomatic replacement of pre-existing minerals. 
The orbicular rooks of Finland in particular have such a close ocm- 
nection with migmatites that a genetic relation must be suspected. 

When the approaching migmatite front had opened the doors 
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for free diflfusion, one of the ^rly efiFects of this may have been 
to start esboitio ciystaUisation wherever favourable materials and 
structures existed.” 

In a discussion of the occurrence of “ Andalusite and Sillimanite 
in Uncontaminated Igneous Rocks,” E. S. Hills [Oeol. Mag., LXXV, 
1938, 296-304) expresses scepticism of the orthodox view that 
these minwals are always to be ascribed to contam ination of magmas 
by highly aluminous sediments or metamorphic rooks. The occur- 
rence of andalusite in pegmatites, etc., seems to show that aluminium 
silicate minerals may crystallise directly from normal granitic 
differentiates. 

PEDOLOGY. By Professor G. W. RoBrNSON, M.A., Sc.D., University 

College of North Wales, Bangor. 

In an editorial article {Soils and Fertilizers, 1940, 3, 147-8) the 
subject of pedology was commemorated in the form of an Obituary 
Notice. The subject attained its zenith in the thirties of the present 
century and seemed established as an independent science. Then a 
reaction set in : during the sterner times of the last war and its 
preparatory years, the utilitarian motive became dominant and 
interest in the soil as soil waned. Whilst not concurring entirely 
in the pessimistic views of the writer of the article, it must be 
admitted that the war years have not been very fruitful in advances, 
so far as can be judged by the available literature. Nevertheless, 
much useful work has been done which, without opening up new 
horizons, has added materially to factual knowledge. Considerable 
additions have been made to our knowledge of soil geography, 
particularly in non-European countries, and, whilst no very revolu- 
tionary changes are needed in our ideas of soil classification, the 
time is now ripe for a more comprehensive and detailed system. 

CRYOPEiDoiiOGY. — ^Tho use of the' term pedology for the study of 
soils as a branch of natural science has not received general accept- 
ance and many have preferred the slightly disreputable term “ soil 
science.” A distinguished American geologist, Kirk Bryan, now 
proposes the term cryopedology for the study of the phenomena 
associated wdth the action of frost on soils and subsoils {Amer. J. 
Sci., 1946, 244, 622-42). During recent years these phenomena 
have received considerable attention from geologists and have 
become of immediate practical importance in connection with con- 
structional work in northmi latitudes. As affecting peiiglaoial and 
glacial gedogy, they are also of importance for pedologists. A 
number of new terms are proposed, many of which will meet with 
opposition from those who boggle at words unintelligible to the 
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praotieal man. Yet there is an obvious advantage in having speoial 
words or terms to express conceptions in frequent use. A “ coined 
word can be given more precise meaning than a word or phrase 
whose meaning is blurred by common use. There would- thus 
appear to be some justification for the use of such tenns as con- 
geliiurbation for frost-actioneincludingefrost-heaving, sludging, and 
soUfluction. The vocabulary proposed by Bryan would appear to 
have at least as much to recommend it as that already in use in 
the study of dynamical geology. 

Weathkeing. — The study of weathering might belong more 
appropriately to the parent subject of geology but is so vital to 
an understanding of pedogenesis that it has received considerable 
attention from pedologists. R. P. Humbert and C. E. Marshall 
{Missouri Res. BuU.,No. 369, 1943, 1-60) have studied in detail the 
weathering of a granite and a diabase, reejjoctively, under Missourian 
conditions. By the use of the electron microscope, they were able 
to identify the clay fraction from the weathering of granite as 
essentially beidellite with varying pro|X)rtion8 of micaceous minerals 
and a minor complement of quartz and ferromagnosians. For 
diabase the picture is similar, which may reflect the dominant effect 
of the warm-temperate and humid climatic conditions. The authors 
regard the weathering of silicate minerals as beginning with an 
interposition of HfO-dipoles between silicate anions and their 
associated cations. The extent of this reaction is governed by the 
solid geometry of the original structures, which affects the ease of 
access of the water molecules. The extent to wliich structure and 
stability are affected in this stage will vary, but in the felspars it is 
probably slight. In the next stage, the modified structure can now 
react with mobile cations in leaching waters and the predominant 
change will be the replacement of the active cations by hydrogen- 
ions. These, according to E. R. Graham {SoilSci., 1940, 49, 277-81) 
may actually originate fiom previously formed acid clays. The 
ultimate result of these changes is the breakdown of the original 
lattice and the formation of secondary clay mmerals, such as 
kaolinite and Imdellite, 

A problem that constantly confronts the pedologist in the field 
is that'Of the oorrespondonce the horiaona of a boU profile with 
the underlying material. Using the, conventional A, B, C nomro-, 
dature, can it be assumed that A and .B, the horizons of the solum, 
have bewft developed from material represented by the underlying 0 ? 
Frequently, as for example, where„sandy over- washes are present, 
this is dearly not so, but diere are many profiles wherei although 
A Mad B appM^ntly coroespond with 0* proof of this is desirable. 
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G. H. Edefasiiaii LandbHoogeMh. Wagemngm, lft36, 40> 8-16) 

wa» probably th« fiamt to «ee heavy mineral assembla^ as testa of 
the unifo rmity of soU profiles. This line of attack hiw been furtbur 
developed by C. E. Marshall Res. BuU., No. 387, 1946, 

1-.76). Using zircon as an assumed immobile indioator, he oaleuiated 
the gaiiis and losses in dififerent horisons of a profile during its 
devMopment. As might be expected, losses were shown in the A 
and gains in the B horizons. An interesting discovery was that the 
sand fraction, 0 126-0 046 mm., was apparently immobile, and if 
this should be confirmed, it would suggest a very oonvenient 
star^g-point for profile studies. 

Son:.-FOB,MiNa Fxctobs. — I n any valid system of soil olassifioa- 
tion, the characters of the individual classes should be susceptible 
of numerical expression. H. Jenny haw done much pioneer work 
in attempting to derive quantitative relationships between soil 
properties and soil-forming factors, and his book Factors of Soil 
Formaiion (McGraw-Hill, 1941) marks an important stage in the 
development of this branch of pedology. More recently, this author 
has discussed the arrangement of soil series and types according to 
the functions of soil-forming factors (Soil Sd., 1946, 61» 376-91). 
He starts from the general equation : 

s ^f(d, 0 , r, p, t, . . .) 

where « is any soil property, e.g. colour, clay content, etc., 
cl = climate, o = biq-sequence (vbgetation), r topography, 
p = parent material, and ( = age, and derives a number of sub- 
sidiary equations, e.g. a =f{t)d, o,r,pt. .. which is the equation 
for the time function when other factors are assumed oonsthUt. 
Within a single area the variation of a soil property from a„ to a^ 
can be set opt as : 

where factor varies from e to d, F, from e to /, and so on. Then 
if the defimte ixrtegrals of the factors F^, F,, etc., are small in emn- 
parison with the definite integral of Fj, we may say that ~ 
u maihly oonditidtied by Fi. A number of equations fiw propwties 
a^, a^ a^, dto!; mtiy 'be and all these property majKlw 
regarded (is an ensemble which niay be desi^gnated £(«) a y(o{, p, 
r, p, . i ‘1^ are given-of time sequences, e.g. the 
OaUfon^n still serids, Kdiiford, Greenfield, Ramona, and: Plaeintiai. 
re|Hresentihg intiniieeing maturity. Bimilhriyi examines tif 

climatic, ind toFograpMoal sequences a«e i^ven. Ati 
Mritii'naay- t^^ stage tihmbwrof diffseeDt'. 
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wquenoes, each «f eqa«l rank. The fact Uiat aoourftte aumecioal 
vaJiues oaosofc he aesigned to all the soil cluuraoters and r^ted 
pedogenio faotors does not invalidate Jeiuiy’s argoments, but it maj 
be objected that the expreseian of pedogenesis in such mathematioal 
form gives the iminession of an exactitude that does not exist, or 
if it does exist, eaimot be tested. 

Another instance of the mathematical approach to the study 
(Mf the organic matter balsmce in the soil by S. H6nin and M. Dupuis 
{Ann. Agronom., 1946, 15 (N.S.), 17-2ft). According to these 
authors tlu) variation in organic matter content, y, in a soil during 
time t is given by : 

dy = (Kjco — Kty)df 

where oi is the annual addition of organic matter expressed as a 
percentage, Ki the isohumic coefficient of the added material, and 
. K, the coefficient of destruction. The isohumic coefficient is defined 
as the ratio of the increase of soil organic matter to the amount 
added of any given material. When a state of equilibrium is 

reached Ki<u = K,y and y — Given an initial organic matter 

of Y, and supposing that there are no additions, the organic matter 

Y - V 

content y after time t is given by the equation — Under 

the oonditicoas of northern France and southern England, existing 
experimental data yield a mean value for K, of O'* 36, but the varia' 
tk>ns are oonsidwable with different materials. K, is shown to 
approxiniate to 0*02, from data at Yersailles, but the mean value 
ftom English data approximates to O-Olfi. It would appear, there- 
fore, that Ki and Kg vary markedly with soil and site and also 
with the type of organic matter added. 

PoTOoiA.-^AnKHig the major noil groups, the podsoh have 
probably received by &r the most attentkm from pedologists. 
MaiQr eXplasiarions of podsolisation have been given and it is 
ocMiunoaly supposed that the process is associated with Extreme 
odidity in the profile. The actual mobiliBation and translocation of 
sMqtiknddee has been generally attributed to the action of humic 
at^ oHier aoidB oapable of fcUming comjfiex ferriferous ions. 
Althongb the r61e of anions has bemi reobgnised, a relatively high 
hyt^gen-ioh ooneentratkHi corresponding with a soil pH of about 
4>0 or less has be«i regarded' as a neoessaiy condition. 

P. H. Oall^her (JProo. Jtey. iioariemy, 1943, 48B; 211t-29) 
ass%ib a snbskiiary i^le to hunrio adds in podsolisation and obhsiderB 
that the process is more probably assoristed with Biniq>le mrghnie 
iarii as ox add, Hbeoated durhig the decozEi^pbaitioB of 
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orgapiiic matter under certain conditions. Such a process may occur 
under relatively neutral conditions, since the effective agent is the 
organic anion, and not the hydrogen-ion. This somewhat revolu- 
tionary view of podsolisation is supported by a description by P. H. 
Gallagher and T. Walsh {ilnd., 47B, 205-40) of certain Irish profiles, 
developed in calcareous drift, which present all the morphological 
features of podsols but which show alkaline reactions to the surf^ace. 
The authors reject the possibility that the high lime status is due 
to added calcareous dressings. 

It is possible that the alkaline Irish podsols may have some 
affinities with certain soils of Western Canada occurring under 
mixed deciduous and coniferous tree cover. These soils, which 
have always presented a problem in classification, resemble podsols 
in morphology, are developed in calcareous drifts, and show alkaline 
or neutral reactions throughout the profile. These soils were 
discussed by H. C. Moss (Set. Agric., 1937, 18, 708-18) and earUer 
by A. Leahey (ibid., 1932, 13, 7-13). Whilst the latter author 
considered that the presence of carbonate in the profile should not 
exclude them from the podsols. Moss preferred to assign them to a 
separate group. 

H. M. GaUoway (Soil Sci., 1940, 49, 269-302) reports an alkaline 
raw-humus in the Wisconsin podsol belt associated with coniferous 
forest, but as ft lies directly over fragmented limestone, no podsol 
profile is developed. 

Clay-hxjmtts Complbx. — Whilst for many purposes it is con- 
venient to think of the soil as composed of inorganic and organic 
constituents, it is probable that the association between clay and 
humus is of a quasi-chemical character. L. Meyer (Forschunga- 
dienat, 1941, 11, 344-66) has actually prepared from artificial 
permutites and humic acids complexes similar to those occurring in 
tshemosems. According to Meyer, the qi'ganic component is an 
integral part of the structure and not merely superiioially absorbed, 
Sleyerwas not equidly successful with clay minerals, but concludes 
that such complexes arise in nature by formation in statu naaemdi 
simultaneously with the formation of hun%us from the alteration of 
plant residues and of the clay minerals by weathering of prinuuy 
minerals. The study of this process may have a bearing on the 
persistence of humus in the soil, for humus combined with clay 
minerals may be leas subject to biologioal oxidation than humus 
not so conohftied. Jj. E,J^minger and J. E, Gke^ng {Soil Sf/oi., 
1942, 53, 206-9) found that absorption- of adbumen and haemogdehin 
retarded enaymatio prcfteplj^ r 

F. Y. Oeftsm (Ped()k)! 0 y, 1041,^^^ 4, 69-81) Qoi»idem huniie adid 
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to be formed by distinct microbial syntheses, rather than by the 
alteration of lignins. In tshemosems and ordinary agricultural 
soils this synthesis is bacterial, whilst in podsols it is the result of 
fungal activities. On the other hand, I. D. Sedletsky and G. M. 
Shimakova (C. It, Acad. Sci. (U.SM.R.), 194-2, 35, 256-7) consider 
the humic acids of ordinary soils and peats, respectively, to be of 
identical structure, 

BOTANY. By Piiofessou W. H. Peaksall, D.Sc., F.R.S., University 
Collogo, Loudon. 

Ecology. — One of the more interesting recent developments in 
plant ecology has been the analysis of some East African vegetation 
types, which has demonstrated the importance of human activity 
in controlling the vegetation of hillsides in Uganda. The work is 
described by A. S. Thomas (Jour. EcoL, 33 , 153). The demonstra- 
tion also includes interesting inter-relations between types of land 
utilisation as well as the natural vegetation and the edaphic charac- 
teristics of the area studied. 

The establishment of exotic species in semi-natural surroundings 
is recorded by E. W. Jones (Jour. Ecol.^ 33 , 44) for regeneration of 
Douglas Fir (Vseudotsu^a taxifolia) in the New Forest, where its 
success seetns to be hirgely determined by the presence of a carpet 
of coniferous litter on the soil, the litter from deciduous trees proving 
to be very unsuitable. The Douglas Fir is shade tolerant in youth 
and seems to have distinct possibilities as a British forest tree on 
account of its high growth rate, but it is evident that it can only 
become estiiblished in Britain under somewliat sijecialised conditions 
of soil and of fruit production. 

A somewhat similar subject has beiui discussed by A. L. Poole 
(Jour. Linn, tioc., 53 , 63), dealing with Ehormium tenax swamps 
found in certain parts of New Zealand. AJtliough the Pfu>rmium 
in this case is a native plant, its success as a dominant in New Zea- 
land seems to liave been induced by draini^e and modification of 
existing swamps in which the native dominant is Typha any uMi folia. 

A valuable study of the distribution and status of Olyceria 
maxima in Britain has been made by Miss J. M. Lambert (Jour. 
Ecol,^ 33 , 230), in the Norfolk Broads particularly, showing that 
Olyceria establishes itself as a floating reed-swamp in comparatively 
calm waters and is to some extent dependent upon circulation of 
water and the supply of mineral salts and silt, so that it fails to 
maintain itself in closed systems which are entirely peaty. 

Another paore specialised account of marsh ecology has been 
contributed by R. W. Jessup (^mns. Roy^ 8oc. S. Australia^ 70, '3) 
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in a pafMr dealing with the initially saline areas adjacent to lakes 
Ajexandtina and Albert. 

6. H. Lockett {Jour. Eeol., 33, 222) has studied the availability 
to plants of water in chalk, and his work reveals that water is 
available to plants up to a suction pressure of about one atmosphere. 
Th«ae is a large amount of water available at Wgher suction pressures 
which may well keep alive those plants which are able to exploit it, 
although they cannot flourish on it or increase vegetatively to any 
marked extent. 

A paper by J. W. G. Lund (New Phyt., 44, 196, and 45, 66) 
is a study of the ecology, size and taxonomy of British soil diatoms. 
The diatoms described have a good general correlation with the 
base-deficiency and pH of the soils. Two species, Cabmeis fasciata 
and Pinnularia silvatica, are confined to especially acid soils, though 
some species have a much wider distribution. The accurate study 
of these diatoms has, however, necessitated complete revision of 
their taxonomy with particular reference to the problems of size 
variation, but for details of these reference must be made to the 
original paper. 

Taxonomy. — In the Jour. Linn. Soc., 53, 91, M. Cii,rdenas and 
J. G. Hawkes describe a number of new and little-known species of 
wild potato, which were brought from Bolivia and Peru by Dr. 
Cardenas and grown at the Imperial Bureaux Potato Research 
Station, Cambridge. Some twelve new species and combinations 
are described, which brings up the list of wild species of potato to 
the neighbourhood of 170. In the same journal there is an aooormt 
of types of variation in the smooth-leaved elm, Ulmua carpinifolia, 
which includes an interesting typifioation of the variation of leaf 
form. This is contributed by R. Melville. 

Under the auspices of the Biological Flora there has appeared 
the check list of British vascular plants, which has been prepared 
for the British Ecological Society by Professor A. R. dapham, 
assisted by various specialists. The list has, as appendices, a list 
of the British species of IMua, supplied by William Watson, and one 
of tl» British species of Hi»racium prepared from H. W. Pugrfey’s 
forthcoming monograph. It is to be hoped that this list will 
produce, for a time at least, Some standardisation of nomenclature 
in dealing with )plant names. To the Biological Flora of Ouc 
Idee have been added new paits dealing with Pciygonim, P. perki- 
earia, P. laptUhifbliOini, P. piketiecfle and Gemtiana pncuinomniSke ; 
all of these are cbntribnted by N. W. Simtnonds. 

An acoourtt of some noteworthy sedges front the Inner and Outer 
Hebrides has been published by 3 . W. Heslc^ Harrison 
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Bot. 8oc. B'iMf., 34, 270), wMOh itiolad«A tlwo i9|)eoiea, new to ibe 
Btdtish Xales, Oatvx gtadalia and Carex brunnea, the latter probably 
a recent importation. A paper by H. B. S. WotoeieJey 
Jtoy. Soc. 8. AustnUia, 70, 127) deala with marine algee belonging to 
the Myxopkytxm which have been recorded from South Australia. 
These include a new species of RivtUoria and a new species of the 
red algae Datn/opaia. 

An interesting feature of a recent study of the moss flora of the 
Hebrides by W. A. dark and R. B. Oooke {Trana. Bat. Soc. SdiaA., 
34, 262) has been the discovery of JUyuriutn hebridarum at com- 
paratively high altitudes on the mountains of Rhum and South Uist, 
in association with arctic-alpine plants. Mywium has previously 
been reported only from near the coast. The present discoveries 
are held to suggest the possibility that this species might be a sur- 
vivor, since it occurs on what were probably onglaciated areas. 

Gbnbral. — ^I nterest in developmental research continues to grow. 
There hare been a number of studies of growing-point devrfopment, 
of which one of the more generally interesting has been the examina- 
tion of the long and short shoots of Oingko hihba by J. E. Gunokel 
and R. H. Whitmore {Amer. J. Bot. 33, 286). Tbe examination 
of the meristems of these shoots has shown that the actual meri- 
stematio apices are very closely similar and that the pattern of 
development is not altered, although the quantitative expressions 
of this development vary markedly. Most noteworthy is the much 
greater duratim of raeristematic activity in the long shoots, par- 
ticularly in the region of the rippen meristem . A somewhat different 
mode of attack has been pursued by C. W. Wardlaw in continuing 
his studies of Pberidophytes {Ann. Bot., N.8., 10, 97, 117). The 
particular point now demonstrated is that the internal morphology 
of the shoot depends to a large extent upon the leaf develojiment, 
so that if a very young leaf primordium is destroyed or suppressed 
the shoot stele may develop without leaf gaps.* This has now been 
demonstrated for Oamunda and ToSea, in addition to Dtyoptma 
described in a former pubUoation. This result throws doubt on the 
eupposition that the shoot is partly of foliar origin. In a second 
paper on the Onocleoid ferns, MatUueda atrathiopteria and Onodea 
aenaj^iUa, the effect of cutting away young buds has been studied, 
the residt 'being that It hae been shown that regeperation of meristems 
fodjt take place frbm the oortioal parenchyma, a result not hitherto 
reeOrded for Items. The organisation of a complete apical meUistem 
seems to be the neoessary precursor of subsequent leaf development. 

A papwf by 0. Clarence Sterling (Anter: /. Bot., 33, 86) deals wltfa 
thMi development of the vasciflar tissues in Segudia sempertarens. 
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Of somewhat wider general interest has been the application of 
tissue culture to problems of development in apical meristems. 
E. Ball (j4ot. J, Bot., 33, 301) has studied the growth of stem tips 
and the adjacent regions in two plants, Tropaeolum majua and 
Lupinua cdbus, which have very different meristematic properties. 
The stem organisation ma^tains itself in pure culture even if 
comparatively small fragments are used, so that the author accepts 
the view that the stem meristem controls its own development, and 
rejects the assumption that its organisation is superimposed on it 
as the result of external and internal conditions acting on a plastic 
growdng tissue. 

T. M. Harris {Phil. Trans. Roy. Soc., B 231, 176) has described 
a number of cones of extinct Cycadales from the Jurassic rocks of 
Yorkshire. Evidence is brought forward as to the structure and 
morphology of the fruits known as Beania and the sporophylls of 
Androstrobvs. Both of these are associated with the leaf NiUaonia, 
and evidently all belong to the same plant, and there is overwhelm- 
ing evidence that this should be included among the Cycads. It 
would appear that it is a Cycad closely related to existing Zamioideae. 
Professor Harris has also published a revision of WiUiamsonieUa 
and has re-described the floral organs from new material in the 
British Museum. Another important paper is the description of 
the lower Devonian flora from the Senni Beds of Monmouthshire 
and Breconshire by W. M. Croft and W. H. Lang {Phil. Trans. Roy, 
Soc., B 231, 131). Hitherto undescribed, fructiflcations have been 
found in organic connection with the remains of vegetative shoots 
of Psilophyton princeps. This fructification is quite unlike Baw- 
aonites, which also occurs among the material. Other plants include 
species of Ooaalingia, Zoaterophyttvm, and Cookaonia, while Sporo- 
gonUea, Sciadophyton and Taeniocrada are recorded for the first time 
for the British Isles. One of the striking features of the material 
is, however, the presence in these rocks, along with large and definite 
terrestrial vascular plants, of the peculiarly organised Nemato- 
phytales {Prototwites, NenwtoihaUua). Tliis association gives addi- 
tional support for the supposition that the Nematophytales should 
be regarded as land plants. 

ZOOLOGY. By Wiluam Houies, M.A., D.Phil., The University, Oxford. 
Thb Bioiioov OF TfiB Individual.— The biologist is often (xmtent 
to assume tliat all animals of the same species are identical : one 
rabbit is as good as anptber for many practical purposes. Never- 
theless, it is a consequence of the particulate meohanisni of in- 
heritance that each anipial may have received from, its parente aqy 
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one of a virtually infinite variety of possible combinations of ^dow- 
ments. The unit factors — the genes — by which the characters of 
an individual are determined are so numerous that.it is theoretically 
possible that every animal is unique in its inheritance. And it is 
not only theoretically possible,' for in natural populations of those 
species that have been genetically analysed it has been shown that 
all individuals are in fact unique (see E. Mayr, SystenuUics and the 
Origin of Species, New York, Columbia, 1944). To this generali- 
sation there are, of course, exceptions : the members of highly 
inbred strains — the “ pure lines ” of genetic experiment — approach 
closely to the identity of inheritance that is found to perfection in 
uniovular twins ; it may also be seen amongst individuals formed 
by asexual reproduction, such as the clones of Paramecium, when 
the genetic material is handed on unmodified from the single parent 
to its many offspring. 

An animal normally develops from a single cell, and within this 
cell its hereditary endowment is to be found as a relatively small 
amount of living material. This material is in some way ordered, 
and in its unique structure and organisation lies the uniqueness of 
the in ividual, for it initiates and determines all the complex series 
of events that lead to the establishment of the final form of the 
adult. Most of the hereditary material becomes “ visible ” at cell 
division confined within the chromosomes, and the investigation of 
the structure of these bodies is therefore a matter of great interest. 
Fundamental analysis can only be con ucted by the methods of 
physics and chemistry, refined and specialised as is necessary for 
the study of the complex molecular systems characteristic of the 
structural basis of life. Recent advances in the investigation of 
the structure of the chromosomes are discussed in the CM Spring 
Harbor Symposium, 1941, 9, by Darlington {Nature, 1942, 149, 66) 
and Casperssou {Nature, 1944, 153, 499) : considerable progr^ has 
been made, for example, by the study of the distribution of the 
selectively ultra-violet absorbing amino-acids. 

The study of the alabonate causal sequence set in progress by 
the hereditary determinants — ^the genes— is the subject matter of 
experimental embryology. Much of this analysis has reached a 
chemical level, as was witni^ed by the publication during the war 
of Nee4ham’8 Biochemistry and Morphogenesis and Brachet’s 
Embryologie Chimigue, but as yet relatively Uttle connection has 
been made between the genetic and adult uniqueness with which 
we are, here concerned. 

Our human conviction that each of us is somehow di£Feren.t from 
everyone else receives most striking confirmation from the fact that 
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th« rfdft x)f tm* human being cannot stucoessfuUy be grafted on to 
the body of another, unless the donor and recipient are identical 
twins. That this is so has loi^ been alternately suspected and 
denied, and decisive proof came only with the late war. Extensive 
skin destruction is a common consequence of severe burns, and 
natural proliferation of epithelial cells from the boundaries of the 
damaged area is inadequate to repair the loss. But successful new 
growth of skin epithelium can be obtained if numerous small skin 
slices or “ buttons ’’ are taken from an intact part of the patient’s 
body and distributed at intervals over the damaged area. The 
small donor areas are repaired by natural overgrowth, and epithelium 
grows out laterally from each transplanted fragment over the raw 
area, and a complete new covering is formed. But if similar frag- 
ments taken from any other human being are employed they are, 
in the course of days or weeks, inevitably destroyed and eliminated 
by a reaction provoked in the body of the recipient (Gibson and 
Medawar, J. AncU., 1943, 77, 299 ; Me awar, Bull. War M«d., 

1943, 4 , 1). A similar problem faced those surgeons who had to 
deal with the extensive gaps sometimes produced in peripheral 
nerve trunks by the massive wounds of warfare. These gaps can 
successfully be closed by a graft of nervous tissue taken from 
another part of the patient’s body ; the transplanted nerve serves 
as a bridge down which the regenerating nerve fibres can pass to 
the musdes and sense organs that they serve, and function is restored. 
But homografts — ^those taken from another human being— -are 
totally nttsttccessful (Seddon and Holmes, Swg. ‘Oynec. and ObM., 

1944, 79, 842). 

This manifestation of individuality within a species naturally 
racalls a much older instance, that of the human blood groups. 
Eor the last 300 years blood transfusion has been attempted as a 
method of saving life, and Keynes has related the strange history 
of tliese attempts (Brit. J. ifilifcrp., 1943, 31, 38). But it was fOubd 
that indiscriminate trsnSfrision of blood from One hufiian being to 
another was often followed by Severe shook or death of the recipient. 
IfhiS reaction fe the consequence of the “ clumping ” (agglutination) 
of the transfused red corpuscles by a rraotlon between antigens 
(aggltttlnbgenS) present in the red corpuscles of the transfused Wood 
and antiftodies (agglutinins) present in the serum of the recipient. 
At^ the bt^ghming ^ this century Landsteiner showed that human 
beings ctmlM divided into fom groups with raspect to the a^lutlno- 
gens present in their red corpuscles : A group contain thu an^gen 
A, B'group'Uie antigen B, AB group have both antigens and' O glt>ap 
neither; Evety indtuMUal otmtafris in Ws serum the antibodies 
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(khdwn by the corresponding Qlwek letters « wnd /?) which will rtttot 
with the antigens almnt from his own corpusdiee. Transfasinn of 
blood from, for example, an individual of group A to an individual 
of group B results in a reaction between the antigen A in the donor 
corpuscles and the antibody a in the recipient serum. 

Antigens other than those of the ABO group have recently been 
discovered also to be present in human blood ; they differ, however, 
from those of the ABO group in that the corresponding antibodies 
are not normally present in the serum (see Race, Brit. Med. BnU., 
1946, 4, 188). But such antigens possess the power, when trans- 
fused, of cdttsing the formation de. novo of the antibodies with which 
they can react ; so arises the important distinction between inna/te 
and acquired immunity. The ABO antibodies are ready-made, 
and a transfusion reaction is immediate ; those of the other groups 
are only made to measure, and the immune reaction is delayed. 
Hence immunity to transfusion of blood of these other groups is 
acquired by the same mechanism as that by which immunity to 
an infectious disease may develop ; in the latter case the invading 
organisms or the toxins that they form act as an antigen ; a corre- 
sponding antibody is formed during the course of the first attack 
of the disease, and at the next invasion there is an immediate 
reaction between the antigen and the antibody now present — the 
subject has become immune or at least more resistant to the 
disease. 

It has been shown that differences between individuals with 
regard to the possession of blood antigens of ail groups are inherited 
in a straightforward Mendelian fashion (see Race, mpra). Thus 
in the case of the ABO system (now divided, in point of fact, into 
Ai, Aj, A„ B and O) one gene of a multiple allelomorphic series, 
corresponds to each one antigen. Since two genes of such a serfos 
must always be present in the diploid chromosomes, a human being 
may belong to any one of 16 genetic groups with regard to his ABO 
inheritance. Blood group characters are one of the best examples 
of hereditary characters whose expression is diieotly determined 
by the genetic make-up of the individual, for they are not normally 
modified or masked either by environmental factors or by tho 
effect of other genes in the nucleus. Hence blood-grouping is 
pm^tieUlarly well suited to genetic analysis, emd Irwin and his 
colleagues have been able to make a precise analysis of the fohmritance 
of humetouB blood antigens in {^Cons and doves {Ame/r. NaUtraii9ty 
1948, 77, 211 ; J. Ifnmmd., 1943, 46, 83). It was fomSd, with 
cectain exceptions that need not be described here, ^t each 
antigen is determined by a gene, and that each gene deter- 
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mining the presence of a speoifio antigen acts without modification 
by any other gene in the chromosomes. This reminds us of an 
important suggestion first made by Haldane some years ago and 
now affirmed by Sturtevant {Proc. Nat. Acad. Sci. U.8.A., 1944, 30, 
176) ; that is, that since there is a one-to-one correspondence Iwtween 
antigens and single genes, and no gene interaction, then antigens 
may be regarded as direct gene, products. 

Now, antigens have the power to elicit and to react with anti- 
bodies ; if they are direct gene products it is likely that there is a 
close structural resemblance between antigen and gene molecules. 
May it not be found, suggests Sturtevant, that antibodies will react 
directly with the parent genes ? This reaction, if it has any effect 
at aJl, must presumably modify the structure of the gene ; if so, 
the modification will be transmitted to all genes produced by the 
duplication of the affected parent in nuclear division, and it is 
therefore a mutation. Can antibodies produce gene mutations ? — 
Emerson has tested the possibility with suggestive results (Proc. 
Nat. Acad. Sci. U.S.4., 1944, 30, 179) ; if it can be proved true, 
then the geneticist and embryologist will be given a most powerful 
weapon for their analytical armomy : a single gene-determined 
process may be inhibited, and the consequences of this inhibition 
followed at every step. 

The complex and improbable chemical reactions by which a 
living organism is elaborated from a single cell are largely controlled 
by enzyme action ; is it possible to correlate the presence of sirecific 
genes with the presence of specific enzymes ? This has been done 
by Tatum and Beadle (Ann. Missouri Bot. Oard., 1946, 32, 126). 
They have correlated the pattern of inheritance with biochemical 
activity in the ascomycete fungus Neurospora : they produced 
mutations in single genes by irradiation, and the biochemical 
activities of the normal and mutant individuals gave evideiioe that 
the presence of specific single genes determines the presence of speoifio 
single enzymes. Biochemioai syntheses in which more than one 
enzyme are concerned are controlled by a corresponding number of 
genes, and the authors conclude that “the genes concerned in 
bioayntheses, and probaWy all genes, act in a primary way by 
determining the specificity of, or in controlling the production of, 
enzyfiaes.” It may be noted that this view of the gene-enzyme 
relationship offers a clue to the understanding of the phenomena of 
gene interaction which often tend to confuse the elementary study 
of genetics ; the effects of separate single genes must be “ mixed 
up together ’’ if each gene determines one step in an elaborate chain 
of reactions. That is, that the mo<fifioation of the action of one 
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gene by that of another is not an exception to the general rule of the 
correspondence between unit factors and unit characters ; it means 
only that the unit characters are on the biochemical rather than the 
morphological level. 

A tliird line of work, on inheritance in varieties of yeasts, has not 
only shown that here also the enzymes, concerned in fermentations, 
may be regarded as primary gene products, but also that, in some 
cases, the enzyme molecules are capable of self-duplication in the 
absence of the parent gene, so long as the substrate necessary for the 
reaction is present. This power, which is incidentally the prime 
criterion of life, is essentially gene-like, for every gene must duplicate 
itself at cell-division. In one sense, therefore, genes themselves 
may be regarded as “ potential enzymes ” (Lindegren and Spiegel- 
man, Ann. Missouri Hot. Gard., 1946, 32, 107 and 139 ; Lindegren, 
Proc. Nat. Acad. Sci. IJ.S.A., 1946, 32, 68). 

The above conclusions show the relevance and promise of the 
investigation of skin grafting, for the reaction to foreign skin is 
clearly an immune reaction. Medaw^ar has shown that skin grafted 
from one rabbit to another produces a systemic reaction in the 
recipient that has all the characters of an actively acquired im- 
munity (J. Anat., 1944, 78, 176; J. Anal., 1945, 79, 167). The 
survival time of tha transplanted skin varies inversely with the 
quantity of skin grafted, and it is less when the rabbit that receives 
it has been grafted on an earlier occasion with skin from the same 
donor. The genetics of the antigens concerned are much more 
complicated than is the case with the blood group antigens : Meda- 
war demonstrated that there are at least seven antigens concerned, 
randomly oombiimd in at least 127 “ skin transplantation groups.” 
In reality there are probably many more, perhaps as many skin 
groups as there are individual rabbits. Although there is a family 
resemblance between the antigens of blood and skin they are, in 
fifmt, quite distinct ; the old view that skin homografts might be 
successful if sufficient attention were paid to the correct blood 
grouping of donor and redpient may now be dismissed fMedawar, 
Brit. J. Exp. Pathol., 1946, 27, 16). Medawar has given us good 
reason to believe that the antibodies that react with the antigens in 
foreign skin react only on the foreign ceils 'in the course of thdr 
division (Brit. J. Exp. Pathol., 1946, 27, 9). This view may be 
interpret^ to mean that the antibodies act specifically on those 
ingredients of the cell that are actively reproducing themselves at 
oelLdiVision ; that is, upon the genes themselves, and perhaps also 
njmn .l^ BdJ?-repn)du^ enzymes of the cytoplasm (the genial 
ooouiienoe of the latter must be postulated to account for cellular 



liS SOIBMOB FBOORBSS 

iabedtMMW! in somaAic tiaeoe oells ; see Medawar, Brit, Med. BmU,, 
1946. 3, 70>. 

lAwas mentioned above that “ pure-linea ” of laboratory animals 
may provide an exception to the general rule of the nniquMress of the 
individuals within a species. If we can produce strains, say of 
miee, which differ genetically from each other only by one or a few 
of the antigen-genes that govern the outcome of transplemtation, then 
by interbreeding we may be able to immunise a female mouse against 
genes present in the embryos developing within it. By such a 
technique the mode of action of hereditary factors may be con- 
siderably elucidated. That such an immunisation is possible has 
already been shown by the discovery of the Bhesua antigen (Rh 
factor) of human blood. The Rh fector, discovered by Landsteiner 
and Wiener in 1940, is governed by a dominant gene. Tf a Rh 
negative woman bears a child to a Rh positive man she may become 
immunised against the Rh antigen absent in herself but present in 
tho foetus. The outcome of this is a severe and often fatal disorder, 
erythroblastosis fcetalis, by which not only the blood but also tissues 
of the child may he affected (see Cappell, Brit. Med. J., 1946, 
2, 601, 641). 

There is no reason to believe that the mechanism determimng 
differmoes betwemi individuals of the same species is different in 
liwd from that separating species and the ^^eater groupings of the 
aumal jEingdom. But the ordinary methods of genetical analysis 
are necessarily confined to the study of differences between indi- 
viduals of an interbreeding group and cannot, therefore, be used to 
study the differenoes between, for example, rabbit and rat or rabbit 
and bird. But here again the study of immunity reactions has 
promise a contribution- If the blood serum of an ox is injected 
into a rabbit, the foreign proteins of the ox senam act as antigens 
and affect, the meebanism by which the rabbit serum protein is 
nm:x«aliy. numufaeitured ; this results in the formation of special 
proteiin moleoules, the antihodwa. If rablut serum containing mtti- 
bodies so fonmed is then mixed with ox serum in a test tube it 
causes pmeipitatiion of the ox serum protein. In 1904 KuttaB 
shonred iSlfeod and Blood Selationthip, Oambindge) that 

this aati*ox semm iiabbit immune serum ” will precipitate with 
the arnmm of other animals in proportion to their zoological affinity 
to the ex— ^gresmvely less strongly with the series ox, sheep, pig 
and man. Sttnilai^iF a^ti-huinaa rabbit senim precipitates lam 
strong^ ndth the setisa Anthropoidst-^Old World^New WoiH 
monheys. Nuttidl’a teolinh]ue has latdy been refined msd fteatty 
extendi^ by Boydsn (fAiniar. 2faturaiMtt li943, 77, 284), and vaafems 
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attempts have been made to apply the method to the determination 
of the larger animal relationships. But it is hardly surprising to 
find that this young technique has, as yet, done little but reinforce 
the conclusions of years of laborious investigation by the methods of 
comparative anatomy. 



NOTES 

A New Concept in the Quantum Theory of Radiation (R. Eieen- 
schita) 

[Quantum meclianios of fields, I, II, III, by Born & Peng. Froc, Roy. 

Soc. Edinburgh, 1944. pp. 40-57, 92-102, 127-137.] 

In classical mechanics the orbit of an electron is analysed in 
terms of periods all of which have to be taken into account simul- 
taneously. In quantisation the notion of the orbit is abandoned, 
the single periods being assigned to different independent processes. 

In classical electrodynamics and cun'ent quantum theory the 
field at one point is analysed in terms of plane waves all of which 
have to be taken into account simultaneously. In the authors' 
theory quantisation is carried a step further so as to abandon the 
notion of the field at a definite point. The single plane waves are 
re-interpreted in such a way that the fact of their contributing to a 
field quantity appropriate to the whole volume filled with radiation 
is an independent process. In other words a particular plane wave 
may or may not contribute to the total energy according to the 
dynamical state of the system. 

The mathematical procediure which leads to this result has the 
merit of achieving full symmetry with regard to time and space. 

Thermal equilibrium of radiation is treated according to statistical 
mechanics. It appears that in the range of high frequencies the 
amount of waves not contributing to energy is sufficient to let the 
total energy be finite in contrast to the infinite zero point energy 
of current theory. 

Thp new method of quantisation applies also to non-linear wave 
equations such that they may now be employed as means of avoiding 
the infinite energy of electrons. 

The authors show that their method of quantisation applies also 
to the Dirac field of electrons and the meson field. 

War Work at Sheffield University (F. P. D.) 

The University of Sheffield has issued a booklet giving an 
account of the contributions made by the various departments to 
the war effort. Dr. Brynmor Jones has written a very interesting 
account of the University's many activities, and thereby put on 
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record a chapter in its history at which it may well look back with 
satisfaction. 

Advice on sources of raw materials in this country, to replace 
those previously imported, was one important service rendered. 
For instance, the discovery and assaying of new supplies of basic 
refractories, bonding clays and silica sands occupied the attention 
of the Depmtment of Refractories throughout the war. Moreover, 
to relieve the railways of unnecessary transport, consiuners were 
directed to the nearest sources of supplies. The Department of 
Fuel Technology was active in suggesting means of increased 
efficiency and of fuel economy to local works and hospitals. Special 
instructional courses were given on various subjects. 

A search station was set up in the Department of Chemistry 
at the outbreak of war under the Ministry of Supply, with a team 
composed of members of"‘the University staff and experimental 
officers and assistants recruited from the younger graduates of 
Sheffield and other Universities. The development of output in the 
National Filling Factories was one of their first tasks, and through 
elaborate studies of the flow of molten material a better control of 
operations was obtained, leading to a more uniform, more jjower- 
ful and more economic explosive charge in large bombs and 
shells. 

Before the war, charcoal in fuse powders was prepared from 
specially imported wood. The Botanical Department undertook a 
survey of the stocks of the Alder Buckthorn {Rhamnus frangula) 
growing in England, and the Chemical Research Team, together 
with their botanical colleagues, canied out extensive investigations 
of this and other woods and their carbonising properties. 

With the development of Radar, the Physics Department was 
engaged on improvement of the equipment, and especially on the 
design, development and production of special permanent magnets, 
which form^ an essential part of the “ Magnetron ” valve. 

The Department of Glass Technology was engaged on many 
problems, such as increasing the resistance of bullet-protecting 
laminated glass and tlie designing of a glass ampoule, employed in 
a special device for firing aircraft bombs. 

The Department of Metallurgy undertook an investigation into 
^the improvement of the surface finish of small steel castings, and 
also on the defects in a great munber of armament compcmenfe, 
such as springs, gun barrels and automatic weapons. 

Production of components for the Ministry of Supply cmd the 
Ministry of Aircraft Production was the main work of the Engineeiv 
ing Department, and the total output of gauges, cooking handles 
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and sear bars for the Sten gun, and exploder rings for sheUs, was 
nearly 1,400,000. 

The Medical Departments were also fully engaged. The Depart- 
ment of Bacteriology was responsible for the distribution of both 
military and civilian supplies of penicillin in the district, and for 
the bacteriological control of the new treatment. A research unit 
was formed in the Department of Pathology to deal with traumatic 
shock, and the team was constituted a full R.A.M.C. unit, eventually 
being attached to the 2 let Army Group to deal with casualties from 
the Battle of the Rhine. 

The Department of Zoology carried out tests in connection with 
the sea rescue service of the R.A.F. to determine how long crews 
could survive with no or very little water. Important work on the 
prevention of scabies was also undertaken. Nutritional surveys 
were carried out by the Department of Biochemistry. 

The Department of Education arranged lectures and classes for 
members of H.M. Forces, while the Engineering Department 
instituted special courses for training engineers, and the Physics 
Department for training personnel to ojierate Radar equipment. 

Many of the staff were seconded to Goveniment Departments 
for important war work, and the above brief summary will show 
that the University fully played its part in the strenuous years 
through which we have lived. 

The Magnetron as a Generator of Centimeter Waves. (Develop- 
ments at the Bell Telephone Laboratories, 1940-45.) (G. S. 

Brayshaw) 

[J. B. Fiek, H. D. Hagstruin and P. L. Hartman, Hell Syetem Technical 
Journal, 25, No. 2, April 1040.] 

An essential feature of any precision long-range radar system 
is a radio firequency oscillator capable of delivering high-peak powers 
at extremely high radio frequencies. In 1939 the lack of such an 
oiKsillator prevented any outstanding improvement being made in 
the existing radar equipment. Thus the development in this 
country by J. T. Randall and H. A. H. Boot of their cavity or multi- 
resonator magnetron oscillator, which was capable of a much 
greater peak output at very short wavelengths than any existing 
device, represented a major step forward. Owing to the importance 
of this new oscillator and its great potentialities for farther improve- 
ment, it was extensively investigated by various research teams. 
In particular an investigation was made at the Bell Telephone 
Laboratories’ radio laboratory at Whippany, N.J., U.S.A. Their 
test of the cavity magnetron submitted showed that it could supply 
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peak powers several times as great as those obtainable with their 
best existing triode oscillators, at a frequency four times as great. 
From this start considerable research was conducted by the Bell 
Telephone Laboratories, and the April number of their Technical 
Journal gives a comprehensive account of this work. 

The discussion is divided into two parts. Part I comprises 95 
pages and is concerned with a general discussion of present knowledge 
relating to the magnetron oscillator. To many readers this may 
be the most useful part., as it represents an authoritative summary 
of the new information gained from the wartime research carried 
out by the various allied workers. Such work has until recently 
been secret and its publication now is likely to be of considerable 
interest to those who did not have access to this information during 
the war. Part- II comprises 85 pages and deals with the actual 
developmental work on the magnetron oscillation carried out at the 
Bell Laboratork^s during the period 1940--45. This work included 
the investigation and development of many different types of 
magnetrons with wavelengths covering the range 45 cm. to 1 cm., 
and with peak powers in some cases exceeding one megawatt. The 
complete account gives an impressive picture of applied research 
and engineering directed t;o the solution of an ui'gent problem. 

It is not proposed to review here the contents of this paper in 
any detail, but it may be of some interest to discuss briefly the 
main features of the multi-resonant magnetron and to give a 
simplified explanation of its mode of operation. 

A magnetron is defined as a thermionic valve whose behaviour 
is dependent upon a magnetic as well as an electric field. Such a 
system was first investigated by Hull ' in 1921. Hull used a diode 
consisting of a cyUndrical anode udth an axial filament and having 
a magnetic field parallel to the filament. However, in Hull’s 
arrangement the magnet winding is coupled to the plate circuit, and 
hence his system is not suitable for radio frequency oscillations. 
In the more modem types of simple magnetrons used for ultra-high 
radio frequencies the oscillation depends on electron inertia effects, 
and no coupling is used. In this case the electric and magnetic 
fields are adjusted, so that the time taken for the electrons to move 
from the cathode to the anode and back is equal to or nearly equal 
to the oscillation period of the oscillatory circuit. 

Now the performance of any type of R.F. magnetron oscillator 
depends on the interaction of the emitted electrons, which are 
subjected to the constraints of the imidireotional axial magnetic 
field and the unidirectional radial electric field, with the superposed 
» A. W. Hull. Phys. Bev., 18, 31, July 1921. 
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radio frequency field. For R.F. OBcillations to be generated it is 
necessary that more energy should be given up by the favourable 
electrons to the R.F. field than is extracted by the “ unfavourable ** 
electrons from this field. The efficiency of oscillation will naturally 
depend on the extent to which the former energy transfer exceeds 
the latter, and the success of the multi-resonant magnetron is due 
to the fact that the electron path is such that the maximum favour- 
able transfer of energy occurs. This is achieved by constructing 
the anode of the magnetron in the form of an annulus containing 
R.F. resonant cavities. Hence, when the constraining electric and 
magnetic fields are adjusted so that the electrons follow an approxi- 
mately epicycloidal path in the space between the cathode and anode, 
the electrons pass through a series of R.F. fields which are them- 
selves varying in the form of a standing wave. The motion of the 
R.F. fields is arranged so that their phase relationships relative to 
the electrons are in the proper sequence for the transfer of energy 
to favourable electrons to occur over a comparatively long period 
of time, whilst that to unfavourable electrons takes place in a 
relatively short time. 

Since the R.F. resonant frequencies depend on the physical 
dimensions of the cavities, the magnetron oscillator cannot readily 
be used as a variable frequency generator. Nevertheless, adjust- 
ments over small frequency ranges are possible, and these and many 
other practical problems arc discussed in the paper. 

Indian Nutrition (GeofErey H. Bourne) 

1. Inadequate Diets, Deaths and Diseases and a Food Plan for Madras. 

By K. 0. Sivaswamy. Nutritional Diseases . By Dr. M. P. Chaoko. 

Food Hints. By Dr. S. Gurubatham. [Pp. 72 -j- 12.] (Roya- 

pettah, Mmlras : Servants of India Society, 1946. Rs. 2.-.) 

2. Famine, Rationing and Food Policy in Cochin. By K. G. Sivaswamy. 

Medical Surveys. By Lt.-Col. T. S. Shastry and Dr. JT. A, Bhat. 

[Pp. X + 78 -f 36, with 8 plates.] (Royapettah, Madras : Servindia 

Kerala Relief Centre, 1946. Rs. 3.-.) 

3. Food Control and Nutrition Surveys, Malabar and 8. Kanara. By 

K. G. Sivaswamy, the late V. R. Nayanar, Dr. R. G. Kakade, and 

L. N. Roo. Diet and Disease Surveys. By Eleven Doctors. 

[Pp. 226, with 7 illustrations.] (Royapettah, Madras : Servindia 

Kerala Relief Centre, 1946. Rs. 4.-'.) 

4. Food Famine and Nutritional Diseases in Travancoro (1943-44). 

Surveys by K. Q. Sivaswamy, K. K. Chandy, Lt.-Col. T. S. Shastry, 

Dr. M. E. Naidu, Dr. T. V. S. Sliastry, and 7 bther doctors. [Pp. 

264, with 33 illustrations.] (Servindia Kerala Relief Centre, 1945. 

Rs. 6.-.) 

Indk is a oountry with a T«ry large population (approximately 
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4f(H> million). Suoh a population can only be fed adequately if full 
use i» made of modern methods of agriculture, e.gr. mechanisation, 
collective farming, artificial fertilisation, and so on. Suoh methods 
would, of course, require less labour on the land than is at present 
available. Therefore, to avoid the mass unemployment which 
large-scale institution of modem agricultural methods would produce, 
there will have to be a big increase in Indian industry to take up 
the surplus labour. That is the Indian food problem, so to speak, 
in a nutshell, but it will probably be some time before it is carried 
into effect. The pamphlets listed above show vividly the results 
of the operation of the present chaotic methods of agriculture, food 
distribution, and price control, and are a credit to the Servants of 
India Society, who have been mainly instrumental, on their own 
initiative, in carrying out the work recorded and securing its 
publication. 

The first pamphlet gives some illuminating vital statistics for 
certain parts of Madras State. During the war years there was an 
increase in the price of food grains, which meant that one-fifth of 
the population could not take up thoir ration, a general increase 
in the cost of living, a large-scale inter-district and inter-provincial 
movement of labour and population, all of which combined to 
produce a lowered nutritional state amongst the people. This 
lowered nutritional condition is reflected by the fact that there was 
an increase in the general death rate during the war years. In 
some districts, where the food shortage was acute, the number of 
deaths was almost doubled. There was a fall in birth rate and an 
increase in infantile mortality. The latter increased from 164 per 
1000 live births in 1936 to 102*44 in 1944. Maternal mortality rose 
from 8*57 per 1000 births (live and still) — average for 1934-39 — ^to 
9*08 in 1944. There were also increased deaths in hospitals and 
increased incidence in diseases such as cholera, amoebic and bacillary 
dysentery, diarrhoea, malaria, scabies, dropsy and “ ulcerative 
inflammation,” in addition to increases in diseases due directly to 
vitamin or other nutritional deficiency. The other portions of the 
pamphlet deal with a food plan for Madras and with the nutritive 
value of different foods. 

The second pamphlet deals with the evolution in food control 
in Cochin, problems of rationing and so on. A series of appendioes 
ado provid^ which give, amongst other valilable information, vital 
statistios which support those given in the first pamphlet. Pamphlets 
8 and 4> which provide similar material to that given in pamphlet 1, 
for Malabar and S. Kanara and for Travanoore, tell the same story. 

Theie is room for improvement in setting out and printing these 
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pamphlets, and some of the nutritional statements made are not 
accurate, but the important thing is that the work has been done 
and, more important, has been imblished. This is the sort of 
investigation that should be backed financially and extended all over 
the country by the Indian Government, which should also act 
upon many of the recommendations made by the authors of these 
pamphlets. 

Miscellanea 

Mr. G. He 3 rworth, chairman of Lever Bros, and Unilever, Ltd., 
has been appointed chairman of the Advisory Council for Scientific 
and Industrial Research, in succession to Lord Iliverdale. Prof. 
H. W. Melville, professor of chemistry in the University of Aberdeen, 
has been appointed a member of the CJouncil, in succession to Sir 
Franklin Sibly. 

Prof. C. H. Lander, who has just retired from the chair of 
mechanical engineering at the City and Guilds College, University 
of London, has been appointed dean of the Military College of 
Science. 

Mr. H. J. Page, M.B.E., has been appointed principal of the 
Imperial College of Tropical Agriculture, in succession to Mr. 0. T. 
Faulkner. 

The National Coal Board has ajipointed Prof. D. Hay, president 
of the Institution of Mining Engineers, to be chief raining engineer 
to the Board, and Dr. Jacob Bakker, of the Netherlands State 
Coal-mines, has joined the Board as adviser. 

The following University appointments have been announced : 
Dr. A. C. Aitken, F.R.S., professor of mathematics in the University 
of Edinburgh ; Prof. R. N. Arnold, regius professor of engineering 
in the University of Edinburgh ; Dr. F. Bell, professor of chemistry 
at the Belfast College of Technology ; Dr. E. T. Davies, professor 
of mathematics at University College, Southampton ; Mr. P. G. 
’Espinasse, professor of zoology at University College, Hull ; Prof. 
T. N. George, professor of geology in the University of Glasgow ; 
Mr. R. D’O. Good, professor of botany at University College, Hull ; 
Dr. F. C. Happold, professor of biochemistry in the University of 
Leeds ; Dr. C. A. Hart, professor of Surveying and photogrammetry 
at University College, London ; Dr. S. E. Hollingworth, Yates- 
Goldsmid professor of geology at University College, London ; Dr. 
Brynmor Jones, G. F. Grant professor of chemistry at University 
College, Hull ; Dr. W. T. Marshall, professor of engineering at 
University College, Dundee ; Dr. M. Stacey, profeil^r of chemistry 
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in the University of Birmingham ; Dr. E, T. 8. Walton, Erasmus 
Smith professor of natural and experimental philosophy in the 
University of Dublin. 

Prof. Arthur Holmes, regius professor of geology in the University 
of Edinburgh, has been elected a oorresponding member of the 
Geological Society of Belgium. 

We have noted with groat regret the announcements of the death 
of the following scientific workers : Mr. G. H. J. Adlam, O.B.E., 
editor of PAc School Science Review ; Prof. George Baborovskjr, 
professor of physical chemisty at the Technical College, Brno : Sir 
Louis Barnett, C.M.G., emeritus professor of surgery in the Univer- 
sity of Otago : Sir Camithers Beattie, formerly vice-chancellor and 
principal of the University of Capo Town ; Mr. A. Binns, formerly 
chief engineer to the Port of London Authority ; Prof. M. Camis, 
formerly professor of physiology in the Universities of Bari, Parma 
and Bologna ; Sir Francis Carnegie, C.B.B., formerly chief super- 
intendent of ordnance factories, Royal Arsenal, Woolwich ; Dr. 
L. B. C. Cunningham, an authority on air armaments ; Prof. Percy 
Faraday Frankland, F.R.S., emeritus professor of chemistry in the 
University of Birmingham ; Sir Frank Heath, G.B.E., K.C.B., the 
first secretary to the Department of Scientific and Industrial 
Research ; Sir James Jeans, O.M., F.R.S. ; Prof. J. Laird, regius 
professor of moral philosophy in the University of Aberdeen ; Prof. 
E. H. Lamb, formerly professor of civil and mechanical engineering 
at Queen Mary College, London ; Sir Walter Langdon-Brown, 
emeritus professor of physio in the University of Cambridge ; Mr. 
A. W. Lupton, senior lecturer in pharmacy and pharmaceutioal 
chemistry in the University of Leeds ; Mr. H. E. Mitton, an authority 
Pn mining research ; Nikolai Morozov, honorary member of the 
Academy of Sciences of the U.S.S.R., scientific writer ; Prof. I. 
Moiicioki, chemist and former President of Poland ; Dr. C. S. Myers, 
C.B.E., P.R.S., honorary scientific adviser to, and late principal of, 
the National Institute of Industrial Psychology ; Dr. W. Payraan, 
of the Safety in Mines Research BoaM ; Mr. H. J. B. Peake, anthro- 
pologist ; Prof. H. C. Plummer, F.R.S., formerly professor of 
mathematics at the Military College of Science, Woolwich ; Dr. 
Hawyi.n Suhrawemly, formerly vice-chancellor and dean of the 
Faculty of Mejdioine of the University of Calcutta ; Mr. G. Tiokner, 
ornithologist ; Mr. H. G. Wells. 

Some of the galleries of the Biitash Museum (Natural History) 
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are now re-open to the public from 10 a.m. to 6 p.m. on weekdays 
and 2.30 to 6 p.m. on Sundays. More galleries will bo re-opened 
as the repair of bomb damage proceeds. 

The Homiman Museum, London Road, Forest Hill, London, 
which has been closed owing to war damage, is now re-open from 
10.30 a.m. to 6 p.m. daily, except Tuesdays, and 2 to 6 p.m. on 
Sundays. 

The British Scientific Instrument Research Association is at 
present engaged in putting into effect a major scheme of expansion 
involving the widening of its field of work, the creation of several 
new departments, and the establishment of new and much larger 
research laboratories. One of the first steps taken was the creation 
of an Information Department, to serve both members and staff. 
This department, in April 1946, began publication of a monthly 
bulletin containing abstracts of current literature relating to 
scientific instniments and other relevant matter. This bulletin is 
printed and most of the issues so far published have contained 16 
or 20 pages. The buUetiji is, of course, compiled primarily for the 
use of the members and staff of the Association ; but, in order that 
it may be of the greatest possible use to makers and users of scientific 
instruments, the Council of the Association has decided that it may 
now be supplied also to non-members, at a subscription of £2 per 
year. Requests for it should be sent to the Information OflSoer, 
Mr. C. W. Hanson, at the offices of the Association, 26 Russell 
Square, London, W.C.l. 

The Scientific Film Association, 34 Soho Square, London, W.l, 
has recently issued a catalogue of films of general scientific interest 
available in Great Britain. In most cases the films are graded 
according to their suitability for different audiences, and a critical 
appraisal is given. Copies of the Catalogue can be obtained from 
the Association or from Aslib, 62 Bloomsbury Street, London, W.C.l, 
at 5a. 3d. per copy, post free. 

The United Nations Department of Public Information has 
issued a pamphlet dealing with The Control of Atomic Energy (Lake 
Success, N.y., price Is.). In a foreword it is stated that the report 
“is the product of unanimous agreement by scientists of twelve 
nations ” and that ite purpose is to consider how far effective control 
is possible and the methods by which such control could be achieved. 
It is concluded that effective control would be very difficult sinoe 
it would require safeguards against the diversion of material intnrded 
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for peaceful purposes at all stages of the processes of preparation 
and use. It is indeed only too obvious that it will not be possible 
to prevent a nation — or a group of persons — possessed of the 
necessary raw materials from accumulating a store of concentrated 
nuclear fuels which could be used for evil purposes. Teohnologioally 
control is feasible, whether it is possible politically is quite another 
matter. 

The report contains an intentionally superficial account of the 
production and utilisation of nuclear fuels, adding nothing to the 
information which has been published elsewhere. There is a brief 
reference to one new material (uranium-233), which like plutonium- 
239 can be formed from uranium-238 and also from “ thorium in 
nuclear fires burning U-236.” It is stated, on the authority of the 
Engineering and Mining Journal (September 1946) that the uranium 
content of ores mined in 1939 amounted to about 1000 tons : enough 
to make from 70 to 3600 bombs or, used in power plants having 
an overall efficiency of 10 per cent., to produce two million kilowatt 
years of electrical energy. 

The Bell Laboratories' Record for September contains an account 
of the search radar equipment designed and manufactured by the 
Laboratories for use on carrier-based aircraft. In its final form the 
whole apparatus weighed only 150 pounds, operated on a wavelength 
of 3-2 cm. and provided a radio beam less than 6° wide with an 
antenna aperture of only 14 inches. The antenna scanned hori- 
zontally to cover a forward sector of 160“ at a frequency of 1 or 2 per 
second. The vertical scanning width was either 12° or 24° and the 
tilt of the beam could be varied by the pilot through an angle of 60°. 
The equipment generated pulses of radio power, at levels of 30-40 kw., 
lasting two-tlurds of a microsecond, and a few microseconds after 
the emission of a pulse the receiver was ready to respond to radio 
echoes from objects in the antenna beam. The description is 
illustrated by a photograph of the equipment, but no details of the 
circuits are given. 

The October issue of the Journal of Scientific Instruments contains 
an article by H. Huxley of the Admiralty Research Laboratory 
describing methods used for illuminating instrument dials. The 
problem is not simple. If the illumination is too great it may be 
visible to an enemy ; the veiling glare, if it is near the line of vision, 
may impair the visibility of dimly seen targets, and, if it is white, 
may affect very seriously the state of dark adaption of the observer’s 
eyes. On the other hand, the illumination must be sufficient to 
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pennit quick and accurate readings ; it must be capable of control 
to meet varying external conditions, and, whenever it is necessary 
to maintain the state of dark adaption, red light must be used. 
The procedure adopted to meet these requirements was to lead the 
light to the region where it is required by a series of internal reflexions 
fiom a suitably shaped and placed piece of Perspex. For example, 
to illuminate a circular scale a bevelled Perspex ring is fitted round 
the rim of the case, a small electric lamp, surrounded by a suitable 
red filter, being inserted in a gap in the ring. Most of the light 
emerging from the ring is scattered by small irregularities on its 
surface, which is therefore covered with white paint except on the 
part facing the scale. 

Another interesting paper in the same number of the Journal, 
by C. R. Barber of the National Physical Laboratory, contains a 
discussion of the factors which determine the brightness of tungsten 
filament strip lamps used for standardising optical pyrometers. 
The most important of these are the cooling effect due to the finite 
length of the filament, temperature variations along the filament 
due to the Thomson effect, the effect of change of room temperature, 
of change of sighting angle and of change of tilt (in gas-filled lamps). 
At present the overall accuracy of routine optical pyrometer csdi- 
brations over the range 900° C. to 1660° C. is ± 5° C., including an 
allowance of ± 2° C. for the uncertainty of realisation of the 
temperature scale in this range. It is considered that the magnitude 
of the remaining uncertainty can be reduced very considerably by 
adopting the precautions indicated in the paper. 

The Cambridge University Press announces a new series of 
Monographs on Modem Nuclear Physics to be edited by Professor 
N. Feather and designed to provide critical accounts of work done 
in this field. Even in 1939 there was obvious need for monographs 
of this kind, and the very great volume of research carried out since 
that time provides ample material for books of the type now planned, 
even though many aspects of the subject are unfortunately still 
“ secret.” The first six volumes will be written by the Editor, 
Dr. S. Devons, Dr. N. Kemmer, Prof. P. B. Moon, Mr. J. Dainty 
and Dr. O. R. Frisch. • 
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Theory of Lie Groups. I. By CT.AtrDK C'HKVAiiT.icY. [Pp. viii 4- 218.] 
(Princeton : Princeton University Prt^ss ; London : Oxford University 
Press, 1946. 2(>«. nt5t.) 

Thk author’s standpoini is tiiat General Topology has now reached a suffi- 
ciently advanced stage of devf^lopTnent to provide a solid basis for a theory 
of Lie Grou[>8 in the large. This is the first (^xj)OHition of Li(' Groujm from 
the raodoni i)oiut of view. 

Th(’ book opens witVi an introduction to the classical linew groups, and 
in the second chapter th(3 propt^rties of groups arisiixg from the existence 
in them of a topology are treated. For the study of connectedness the notion 
of a covering space is introduced, in terms of which a new definition of simple- 
comiectednoss is given. 

Chapter III starts with an axiomatic definition of a manifold, and the 
notions of a tangent space, differential mapping, infinitesimal transformation, 
and distribution are introduced. Later in the chapter there is an example 
of the passage from the local to the global in the method of obtaining com- 
plet/O inttigral manifolds in the large. 

In Chapter IV the concepts of manifold and group arc combined to form 
that of an analytic group. The main idea introduced is that of a Lie Group 
which is defined and correlated with the algebraic notion of a Lie algebra 
which is associated to every analytic group. 

In the fifth chapter the calculus of exterior differential forms of Carton 
is applied to Lie Groups. It is shown how the forms of Maurer-Carton can 
be oonstruct<3d if the Lie algebra is known, leading to the construction of 
the law of composition in the group. At the end of the chapter, invariant 
integration on a group is defined, a method which is used later in the theory 
of oompa<vt> Lie Groups and their representations which is the subject matter 
of Chapter VI. Early in this last chapter it is pointed out that every repre- 
sentation of a compact Lie Group is semi -simple. The author states in the 
preface that the second volume of this work will bo mainly concerned with 
semi -simple Lie Groujis. 

E. T. DavIks. 

Analytioal Method in Dynamics. By H. O. Nkwbottlt, M.A. 
[Pp. viii 4-81, with 16 figures.] (London : Oxford University Press, 
1946. 7^. 6d. net.) 

This book is a collection of notes on various dynamical topics, not very closely 
related to each other. They ore discussed along linos not familiar with current 
text-books, which the present volume is intended to supplement, not to 
replace. 

The first three chapters, forming three-quarters of the book, ore devoted 
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chiefly to the use of moving axes. Chapter I considers two-dimensional 
problems, Chapter II tliree -dimensional tlioory, and Chapter III throe- 
dimensional applications, including a section on applications to differential 
geometry. Both scalar and vector methods are used. Chapter IV considers 
the motion of a top, first by Lagrange’s (Mpiations, and then briefly by vector 
methods ; Chapter V is on two-dimensional motion of a chain, and Chapter 
VI on Euler’s equations and free rotation about a fixed point. Moving axes 
are little used in Chapters TV and V. 

Worked examples are scattered freely in the t(?*xt ; it is imfortunately not 
always clear where examples end and bookwork rec^ommenoos. The emphasis 
throughout is on mathema-tical formulation rather than physical principles, 
ajad some of the examples setun to have bew^n chosen solely for their mathe- 
matical interest. Mathematical interest the book certainly possesses : it 
should be especially interesting to univerHity teachers of math(>matics, on 
account of the novel modes of presentation of some of the matters con- 
sidered. The author also takes great pains to clear up points often found 
difficult by students. 

T. G. COWULNO. 

La9ons et Probl^mes sur la Th^orie des Corps D^forznables. 

By Professor Aj^jdrA Mercieb, Dr. So. [Pp. 166, with 34 figures.] 

(Paris : Gauthier- Villars, 1943. Frs. 240.) 

M, AndrA Mbroier is Professor of Theoretical Physics m the University of 
Berne. The monograph under review contains the substance of courses of 
lectures on elasticity and hydrodynamics dolivtired by the author to his 
students. Professor Morcier remarks, however, that the logical presentation 
in his book does not follow the sequence in which t he various aspects of the 
subject are introduced in clews. A more empirical approach is tliert^ adopted. 

The presentation is divided into tliroe sections. In the first of these the 
general theory of deformable bodies and media is built up and a special point 
is made of developing a general stress-tensor covering the fields of cia^ioal 
elasticity and hydrodynamics. This tensor is a function, among other things, 
of (i) the spaco-rate-of-chango of displacements and (ii) the space-rato-of- 
change of velocities. Special cases of the tensor which involve (i), and not 
(ii), are described as belonging to the field of “ pure elasticity ” ; those which 
are a function of (ii), and not (i), are described as belonging to the field of 
“ pure viscosity.” The distinction between the two fields is the one which 
Is always made, but interest lies in the elegant mathematical synthesis of the 
two fields. 

While building up this general theory and then showing how it separates 
into two special theories, the author devotes some space to the pure mathe- 
matics pf Oertesian tensors. Attention is concentrated, however, upon the 
mathematical physios of the general problem and the author derives the 
stress-tensor, the deformation-tensor i^id the velocity-tensor in successioh 
and then lea^ up to, and formulates, the general equation of motion of a body 
which can move, be deformed and can conduct, absorb or emit heat. 

The second section concerns itself with elastic defonnations and their 
propagation. The topics which ore discussed ore the si^iflconco of the oo- 
efficients of elasticity, the state of stress in two dimensions, a cylinder in 
torsion, a beam bent under external forces, and simple oases of wave ' 
propagation. 
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The first two sections take up 70 pages and the third section, of 81 page** 
deals with hydrodynamics and elasticity. In it, the equation of continuity 
is derived, the state of stress in a fluid is discussed and the equations of 
motion of perfocjt and viscous fluid are obtained. A special case of the equa- 
tions of motion is then considered and so on. The vortioity vector is defined 
and the question of constancy of circulation is discussed, etc. The last few 
pages dwil with the elements of aerofoil theory. 

In general, the book is clear, the exposition excellent, and the treatment 
mathematical and rather abstract. Only the elements of the subjects are 
discussed and thesci are dealt with in a manner rather different from that 
usual in tliie country. The book is one for those who ore more interested in 
the formulation of general principles than in the practical aspects of hydro- 
dynamics and elasticity. 

L. Rosknhkad. 


ASTRONOMY 

The Milky Way. By Baht J. Bok and Priscitxa F. Bok. Second 
(xlition. [I’p. vi -f 224, with 101 figures and 2 composite photographs 
in pocket.] (London : J. & A. Churchill, Ltd., 1946. 18tf. net.) 

This volume is one of the series of Harvard Books on Astronomy, edited by 
Harlow Shaploy and Bart J . Bok, and designed to survey the various branches 
of the subject. The first edition appeared in 1941 in America, where also 
there appoarexl in 1945 a second edition, brought up to date by a 20-pago 
postscript. The book is now published in this country by Messrs. Chiu*chill. 
The reviewer first road the work in the American second edition. A re- 
reading for this review has confirmed his original opinion tliat this well-printed 
and woll-illustrat<id volume may l>e recommended m a good general account 
of a field in which Harvard astronomers, and not least the authors and 
senior editor, have contributed much. 

The book is popular in that it contains almost no mathematical formulae 
and does not include references. Despite occasional wisecracks (the vertex 
of a cone is “ the teolmical name for the place where the ice-cream dripa 
out ! the general treatment is thoroughly scientific and deserving of the 
reader’s attention. The account given by Dr, and Mrs, Bok is likely to be 
found int(^rosting by astronomers specialising in other fields and by the general 
reader who wishes to understand modem conceptions of the galaxy and the 
processes by which astronomers have arrived at them. The main prmciples 
and facts appear to the reviewer to be skilfully brought out in a balanced 
description, and it is difficult to see how a popular work could do much more 
in this respect. The careful reader will gain quite a large number of current 
ideas. 

The book describes not only present knowledge, but also the plcms and 
hopes of astronomers regarding future work. Non-ostronoraors may be 
surprised to realise how much has already been done through a substantial 
measure of intemational co-operation. It will bo obvious how useful ahy 
extension of this could be. Magnitudes, spectra and colours of a million 
stars, with parallaxes and motions where possible, will apparentlj?^ be only 
an instalment of the observational material with which it is hoped to extend 
our knowledge of the galaxy. 

Alan Fletohbb. 
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Photometric Atlas of Stellar Spectra. By W. A. Hh^tner and 

Boblby C. Williams. (Ann Arbor : University of Michigan Press ; 

London : Oxford JJni's^eraity Press, 1940. 42^. net.) 

The recording imcrophotoinf3ter has proved a valuable aid in various speefcro- 
photometrio observations in astrophysics. The normal microphotometer 
tracing provides a record of the transmission of the exposed and develojwd 
photographic plate containing the sj)ectrum, for the range of wavedength 
invcMStigated. Because of the non-linear relationship between the trans- 
mission of the plate and the intensity of the light to which the plate was 
exposed, the conversion of the microphotometer'’ deflections to a true scale of 
intensities involves heavy labom. At the Michigan Observatory a direct 
int/Onsity microphotometer has been developed, which provides tracings in 
which the deflections are proportional to the actual light intensities. This 
microphotometer has been described in detail in Pub. Obsen?. Univ. Mich., 
8 , 45, 1940, so that it is not necessary to <it>scribe tho method employed. 

This publication contains reproductions of th(^ intensity tracings of the 
spectra of eight stars obtained with the Conde spectrograph of the 82 -inch 
reflector at the McDonald Observatory of the University of Texas. This is 
a Littrow tyjje spectrograph with two prisms of Chance glass giving a linear 
cUsporsion of 2*1 A jjer mm. at wave-length 40()0A, and of 10 0 A per mm. at 
wave-length 0OOOA. 'The rejiroductions of the tracings have been reduced 
in size from tho original by a factor of 2, giving a resulting magnification 
from the original spectrograms to the published tn^oings of 21*6. The range 
of wave-length covered varies somewhat from star to star : at the short wave- 
length end it ranges from 3916A to 4066 A and at the long wav(3-!engt;h end 
from 6908A to 6723A. Tho tracings are made with the continuous spectnun 
falling on the intensity lino 100 throughout the tracing. Tho eight stars for 
which tracings ore given were seloctt^d to cover as large a range of Beparat<3 
spectral typos as possible among stars of sufficient apparent brightness. The 
tracings for cm-oh star are given in a separate booklet, which greatly facilitates 
the comimrison of t^ie same spectral region in the spectra of the various stars. 

An additional booklet contains a brief description of the 8j)Octrograph, 
and of the application of the direct intensity microphotometer to the produc- 
tion of the traces. The various sources of error are discussed. Details of the 
spectrograms used are gi ven and dispersion tables for each spectrogram make 
it possible to deduce with all neceasary accuracy the wave-length at any point 
of each tracing. 

The tracings contain a mass of interesting detail which cannot fail to 
prove of the greatest value to the astrophysicist. 

H. S. J. 


PHYSICS 

iSlactrDiis in Action. By J. G. Daunt, D.Phil., M.A. [Pp. 151, with 
8 plates and 22 figures.] (London : Sigma Books Ltd., 1940. 6^. net.) 

This is tho fourth of the Sigma Introductions to Science, and is intended to 
“ give an account in everyday language of the basic principles of electricity 
explained in terms of the activity of electrons . . Drl Daunt has largely 
succeeded in his aim. He assumes the reader to be an intelligent layman with 
no training in physical science. He employs no mathematical symbols or 
equations (oven Ohm’s Law is relegated to an appendix) and his language 
borders on the colloquial in places, but with the aid of effective analogies he 
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is able to give a very good account of the nature of electricity, its passage 
tlirough solids, liquids, gases and a vacuum, and a few of the applications. 
The book would bo road with great interest and profit by fifth- and sbctli-form 
schoolboye, who would be stimulated to ask their physics master many 
questions, but the master would not have to correct misconceptione wliich 
so often result from reading over-simplified and dogmatic statements in 
“ popular ” books on science. One of the good points of tliis book is that 
the reader is left with the impression that even the highly -trained professional 
physic ist» lias much to learn. 

The photographs are well chosen and really do illustrate the text, but some 
of the line drawings are not clear and seem to miss the point. There are a 
few misprints and loose stat-orncnts, easily corrected. Some sections could 
with lui vantage be expanded in a second edition, e.g. the reason for haloes 
in X-ray and electron dijBTraction photographs (p. 137). 

The book can bo commended to all who have to teach elementary students, 
and to non-physicists who wish to learn something of modem views on 
electricity. F. A. V. 

Electrons in Action. By Jamks Stoki^ey. [Pp. x 4 - 320, with 55 
figures and 37 plates.] (New York and London : McGraw Hill Book 
Co., Inc., 1946. 18«. net.) 

This book is a “ popular ” account of recent applications of electrons and 
electron tubes. It contains no mathematics and is purely descriptive, and 
the author has* not always e8oa])ed tlio consequent dangers of superficial 
treatment and the omission of details essential for correct understanding. 
The style is in some respects “ journalistic ” and some jiarographs read like 
iniblioity leaflets issued by firms. Nevertheless, the book contains very 
interesting information on rCciont developments and is likely to stimulate 
quests for further knowledge. 

The scope of the book may be indicated by notes on tlie chapter headings. 
1. “ Modern Miracles ’’—an introduction to arouse interest. 2. “They’re 
Called Electrons “- a very brief account of the rise of electron theory. 

3. “ Electrons Made Free “ — thermionic and photoelectric omission. 

4. “ Putting Them to Work “-- thermionic valves. 5. “ Talking around 
the World “ — radio. 0. “ Seeing Beyond the Horizon “ — television. 7. 
“ Cosmic EkxJtrons “ — ionised layers in the atmosphere. 8. “ Light from 
Electrons “ — ^fluorescence and phosphoresceno©. 9. “ Sounds for the Future ’ ’ 
— sound recording. 10. “ Electrons in Overalls “ — appheations of electron 
tubes in industry. 11. “Measurements” — various applications such os 
spectrophotometer, mass-spectrometer, introduction to radar. 12. “ Looking 
through Matter ” — X-rays. 13. “ Smaller and Smaller ” — electron micro- 
scope and electron diffraction, 14. “ Electrons in Medicine ” — ^metal 
detectors, measurement of brain potentials, etc. 15. “ Foster and Faster ” 
‘—cyclotrons, betatrons, etc. 16. “ Where it leads a very speculative 
short chapter — mainly quotations. 17. “Atomic Energy” — based on the 
Smyth report. Appendix, “ Radar ” — extracts from the U.S. Government 
Report on Radar. 

There are a number of slips, misstatements and obscurities, all of which 
could be Corrected in a future edition. For example the caption of Pig. 3 
is misleading, the choice of carbon for Pig. 4 is unfortimate, current is not 
“ the number of electrons ” (p. 17), Pig. 17 is quite wrong (audible sound and 
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supersonics are included in the E-M speotnim), Hutherford'a transmxitation 
of nitrogen to oxygen was carried out in Manchester, not Cambridge (p. 254), 
Cockcroft’s name is wrongly spelt in several places. 

The book is very well illustrated w^ith diagrams and plates. Some of 
the plates are not very informative and might well bo omitted, but others 
are excellent. Many of the diagrams are reprinted from Dunning and 
Paxton’s Matter, Energy and Radiation, The publishers Imve done their 
work well, as usual. 

F. A. V. 

The Cathode Bay Oscillograph in Industry. By W. Wilson, D.Sc., 
B.E., M.I.E.E. Second edition. [Pp. xii -f 244, with frontispiece 
and 194 figures.] (London : Chapman & Hall, Ltd., 1946. 18s. net.) 

Thb second edition of Dr. Wilson’s book is a well-produced, and, as far as is 
possible in these days of ultra-rapid progress in all matters technical, an 
up-to-the-minute account of the many industrial applications of the C.R.O., 
and as such should prove of great value to technicians in almost every branch 
of science and engineering. 

The circuits included are very useful and the numerous photographs of 
both apparatus and recordings give an exceedingly valuable indication of 
the potentialities of tliis instrument to industry generally. I find the book 
very enjoyable reading— which for a text- book is a great asset. 

The first four chapters, which deal with the basic principles of the oscillo- 
g|:aph« pay very little attention, as the author states in his preface, to 
fundamental theory. Tliis is an admirable decision in my opinion, as other- 
wise the book would of necessity be longer and more complicated, so that 
its appeal to the majority of readers for whom it is intended, namely actual 
and potential users of the C.R.O., would bo reduced. The lack of fundamental 
work, however, causes a certain looseness of phraseology to creep into one or 
two explanations. For whilst points like kilometres per second, miles per 
second, or centimetres per micro-second are matters of opinion, tiie author 
is wrong when he describes the anode diaphragm os an electron gun. The 
whole of the beam-producing systeifi (excluding the deflector plates) is 
usually referred to by this term. Further, I do not like the tenn of cathode 
oscillograph ” which occurs from time to time. Wlmt is wrong with the 
usual abbreviation “ C.R.O.” ? 

Op the other hand, the practical applications covered in Chapters 5 to 9 
more than compensate for these slight disadvantages. The clarity of the 
text, the lucidity of the descriptions and the variety of tests covered, together 
with the large number of illustrations, all serve to make the practical part 
of the book very impressive. The only criticism here is that the author 
Beems to pake the application of the C.R.O. to a large number of widely 
different problems almost too eewy. As the Head of the development 
laboratory of a large industrial concern, the author is obviously well versed 
ip these matters and would be the first to admit that some experience is 
necessary before it can bo definitely known that the picture on the screen 
is exactly the quantity it is intended to measure. There is no denying that 
the results which are illustmted in the book con be obtained, but 1 think 
soma warning of the pit-falls and possible errors would have added con- 
siderable value. For instance, the necessity for screening to ayoid eitKer 
direot or radiated pick-up cannot be ignored^ particularly when dealing with 
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liigk- voltage or high-frequenoy pheuomeim and, unless the pick- up is ofevious, 
the picture on the tube can lead to very misleading results. 

The electron microscope section, although well written, cannot do more 
than touch on such a vast specialised subject and could perhaj^s have been 
oniittod for the reason that it is just as spocialisod ns television, which the 
author himself h*%s deemed to be outside the scope of the book. Nevertheless, 
the non -specialist will find it an interesting and informative survey of the 
applications of this development in electronics. 

For the betiofit of those who are familiar with the first edition, a number of 
other applications have been included such as the Supersonic Flaw Detector, 
the determination of Young's Modulus by measuring the frequency of longi- 
tudinal vibrations, Steel Sorting and a Strain Gauge Pick-up. Although the 
additions are of a rather specialised nature they serve to make the book more 
complete. Chapter 2 has been enlarged to deal with the “ Magic Eye ” and 
Chapter 12 on Constmetion, Operation and Maintenance has been improved 
by the addition of information on the pliotographic aspect of single-sweep 
Ingh-speed tracf^s. Finally, tho gt>neral layout has l>een revised and the 
illustrations re-arrangtxl so that the scK^ond edition is generally more readable. 

F. W. T. 

Hydraulic Measurements : A Manual for Engineers. By Pbo- 
yKSSOK Herbicrt Addison, M.Sc., M.I.Mech.E., A.M.Inst.C.E. 
Second e<iition. [Pp. xii -f 327, with 158 figures, including 4 plates.] 
(London : Chapman & Hall, Ltd., 1946. 21«. not.) 

In tho preface to the first edition of tliis work tho author explained that the 
adecjuacy of tho corresponding chapter in his f/ext on Applied Hydraulics 
had bewn questiontMl by some reviewers. If this is the cause of Prof. Addison's 
present book, clearly reviewers have their uses. His Applied Hydraulics 
set a new standard indeed for students’ books and, although tho present text 
is written for enginot^rs rather than students, it sets on equally high standard. 

Many technical papers have been written on the subject, the author 
himself giving no less than 214 referenc^js, but there was apparently no text 
covering the whole field, and this treatise, now in its second edition, must 
help to meet the need. 

The measurement of the flow of water is becoming of more and more 
importance to the engineers of the various drainage boards, hydro-electric 
pknts and the water supply of towns. To ail engaged in such works a 
compendium of the many metering devices should bc^ welcome. 

It is difiSnult to dkoover any sotmd method of measurement which is 
not dMcribed. One exception, however, is the so-called '' collar-stud ” 
notoli, in which the width of opening is so proportioned relatively to the 
keight over tite klU that the rate of disoliarge varies directly as the head. 
Tho advantage of this device is the resulting simplicity of the integrating 
mechanism. 

Not only are the standard metering gears sudb as Pitot tubes, Venturi 
meters^ notches, vane and euirent meters and the use of floats fully described, 
hut several special methods ace discussed^ such as tho standing wave and 
critioal d^h flumes, the Alien salt injection and the Gibson inertia methods. 
Having spent many years in Egypt, Prof. Addison is able to write witii 
special kitO'’^l^CKlge on the use of regulating sluices, as in the Assuan Dam, and 
of models Ibr the measurement of water. 
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The book, which has an ample supply of diagrams, may be recommended 
both for study and for reference. An enginef>r who wishes to select a suitable 
method of metering water can hardly fail to find in it the necessary information. 

B. Lloyd-Evans. 

Power. By Martin Rtthemann, D.Phil. [Pp. 123, with 8 plates and 
14 figures.] (London : Sigma Books Ltd., 1946. 0«. net.) 

This book is the fifth of the Signm Introduction to Science Series and is a 
very clearly written ewoount for the general reader of the production and 
utilisation of power and energy. It is intended to help in the midorstanding 
of the importance of power in our lives and of the far-r«mching problems 
involved in the most economical generation, distribution and use of energy. 

The terms “ work,” ” force,” ” energy ” and ” power ” are first defined 
in the technical sense, and then there is a description of Die rdle played by 
tools and machinery. The various sources of energy are reviewed, including 
coal, oil, running water and (briefly) atomic energy. Interesting statistics 
are given as to the power used in tins and other comitries. The processes 
involved in the generation and distribution of ole<;trioity are described. 
Nowhere is the argument obscured for the non -scientist by the use of more 
technical terms than necessary, or by any mathematical symbols. Dr. 
Huhemann's style is easy, and the text is enlivened by amusing and telling 
drawings by Victor Heinganum. The plates are illustrative in the newspaper 
sense rather than the technical. 

The book can be commended to anyone it^terested in the broad issues 
involved, and should find a place in public and school libraries. 

F. A. V. 

Elementary Theory of Gae Turbines and Jet Propulsion. By 

J. G. Kxhnan. [Pp. viii 261, with firontispiece and 194 figures, 
including 6 plates.] (London : Oxford University Press, 1946. 15«. 

net.) 

Thjb first patent for a gas turbine was granted as early as 1791, but develop* 
ment has been slow until comparatively recently, so slow in fiict that many 
people had not hecurd of this newest form of prime mover prior to the last war. 

Mr. Keenan's book, giving the basic principles of this new machine, 
therefore comes at a most opportune moment. He has employed mathemaitioB 
of about matriculation standard only and has presented his subject in a 
most lucid manner. 

The only text with a scientific approach to the subject until the pi^nt 
v<diime appeared was Stodola's mast^ly treatise on Steam and Qua 
This, however, was written before the modem machine was developed; A 
book expkuning in simple language recent progress is clearly wanted and 
the author is to be congratulated on his handling of a problem which involves 
so much breaking of new ground. 

The introductory chapter shows how two paths of attack led to the 
design of the modern l in the one, a bompressed charge of gas and 

air was es^Oded in u series of chambers and the hot products allowed to 
play on the blades Of a turbine. Each vessel #as then recharged and fired 
in turn. ' 

In the other form, actusEy the type which has survived, air alone is 
compressed and fuel oil burned steadily in it at constant pressure. The' 
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two methoclB are to some extent anaiogotis to thoso used in Internal com- 
bustion engines of the explosion and Diesel typos respectively. 

Other chapters deal with the physics of gases, centrifugal and axial-dow 
oompresBors, including a simple discussion of surging, combustion chambers, 
the theory of nozzles, impulse and reaction turbines and heat exchangers, 
all essential parts of the modem gas turbine. 

The questions of eflfioiency and performance are discussed in some detail, 
also the application of the turbine to jet propulsion. Tlie consiunption 
figures quoted indicate that (ionsidorablo research is required before such a 
plant can compete economically with an oil engine except under special 
conditions such as those obtaining in the drive of an aeroplane. There is, 
however, fair reason to suppose that time will bring the necessary improve- 
ment. Experiments are already being made with the gas turbine locomotive. 

'The need for a text showing the extent of our present knowledge is obvious, 
and Mr. Keenan *s book can lx» rocominendcMi to anyone who wishes to learn 
how far the gas turbine has now been developed. It forms an excellent 
introduction to the underlying theory. 

B. Lloyd-Evans. 

Electricity in the Building Industry. By F. C. Orchard, M.I.E.E., 
A,M.I.Moch.E. [Pj). xii *f 232, with 10 plates and 104 figures.] 
(London : Chapman & Hall, Ltd., 1946. 15s. net.) 

This is one of a series of books for the builder on the use of electrical jK>wor. 
The author, with the courage of his oorivictions, ti^lls us in the preface that 
the book will be of service for the e<iucation of operatives in the use of electrical 
tools. He certainly goes further than that ; indeed, one might argue that 
for the pur|>ose of the book ho goes too deep into fundamentals. Of what 
use to a master-builder or his employee who wants to use an electric drill is 
an understanding of the Rutherford-Bohr atom or oven of power factor T 
Either he can use the drill without troubling his head with such things or he 
will have gained this typo of knowledge from a “ straight book on electricity . 

The most useful part of the book — for the author’s set purposes — deals 
with workshop lighting and wiring, machine and portable electric tools and 
their maintenance. Most interesting to the layman is the final clmpter 
which, under the heading “ Recent Research,” deals with the usee of high- 
frequency currents, moisture meters and the drying of timber. 

E. 0. R, 

Tlia DHIractioxi of X-*ray« and Electrona by Fraa Molectdea. 

By M. H. PiRKNNB, D.So. [Pp. xii + 160, with 2 plates and 82 
figures.] (Cambridge : at the University Press, 1946. 12s. 6d. net.) 

As explained in the preface, this monograph deals chiefly with the diffraction 
of X-rays by gases, a subject to which the author himself has made important 
oontribtitio^. The influen<5e of Debye, who writes the foreword, is evident 
in the book, particularly iff the judicious balance between the development 
of theoretical ideas and the discussion of experimental investigations. By 
omitting details of mathematical derivations the author has been able to giW 
in a small space a cohiiected and Critical account of all the cssentiat pridtiptles 
of X^ray and fast-eleCtron scattering and of theh' application to the determi- 
nation of molecular structure ; this account, as a concise stimmary of available 
knowkdgb, BtudentB of X-ray ph 3 ;iiic 8 in parHciilar, but its 
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chief appeal will probably be to the much larger circle of those interested in 
the problem of molecular structure in general. Many workers in this field 
find it necessary to use the results obtained by techniques in which they are 
not Bixjcialists, and it is of the utmost iinportanoo that they should be pro- 
vided with the meaiis for fonning ind('ix*iident judgments of the worth of such 
results. To these the book will be valuable, not merely for the information 
it Gontains but esj)ecially for the critical assessment which the author gives 
of the accuracy and limitations of tlic metliods of X-ray and electron 
diffraction. 

The main theme of the book, as already stated, is the diffraction of X-rays 
by gases ; the diffraction of electrons by gases is adequately and oritioally 
dealt with, but, as is inevitable in a book of this size, the treatment of other 
subjects subsidiary to the principal topic is liable to be sketolxy. On the 
whole the omissions tend to be chemical ratlier thaii physical ; for exam|)le. 
the chapter entitled “ The Chemical Bond ” consists of five pages only. 
Similarly tho critical attitude which characterises tlio treatment of the 
major theme occasionally gives plac.c to loosonoss of expression elsewhere, 
as when the author states (p. 56) “ tho interatomic forces in crystals (are) 
not essentially different from tho interatomic forct^ which build up 
molecules.*' 

There is a good bibliography, and tho book is well produced and free from 
typographical errors. Aii addition which would add to the value of the 
book in a subsequent edition, particularly to loss advanced students, would 
be the insertion of a few paragraphs, probably after CTiapter III, summarising 
and correlating the various aspects of the interaction of X-rays with electrons 
and atoms which have been dealt with separati^ly in the first three chapters. 
It is customary to deal with colierent scattering primarily from the classical 
point of view, and with incoherent scatUiring and fluorescence as quantum 
phenomena, so that it is sometimes difficult for tho student to obtain the 
integrated picture of them which such a summary could provide. 

E. G. Cox. 


CHEMISTRY 

Physical Chemiatry for OoUegca. By E. B. Mxllabp. Sixth edition. 
[Pp. ix -f 682, with 72 figures.] (New York and London : McGraw- 
Hill Publishing Co., Ltd., 1946. 22s. 6d. net.) 

Thb ahn df this book is stated in tho preface to be that of ** Presenting 
physical chemistry to beginners with such simphoity that they can under- 
niiemd after oarefUl study, and yet with such i^eoision that they Will acquire 
a sound background with which to continue in the field beyond the introduce 
toxy course.’* In this respect the book succeeds, and as in the present edition 
it has been extensively rewritten and brought up-to-date it gives a good 
outlme of the subject up to about Pass Degree or General Degree standaxd. 

the same time it leaves one with the wish that the exigencies of space 
had pert^ subjects to have been followed up a little more de^ly 

so as tp give a hotter batenced review of the topics treated. Thus the chapter 
on Colloids deab only with certain, aspects of the sutfjeot, for inatanoe 
although HoBSan's work on soaps is reviewed briefly no mention if xnade of 
Ibi^ey*8 imporl^t stud^ of paraffin chain sfdts. Thp important pi^iples 
of cptalytio action fm4 the meohftuism of heterogeneous reactions also 
left unmention^ The book is, however, provided with Bufflcsent.m^^ 
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to more advanced works and to selected original papers to stimtilate the 
student who becomes particularly interested in any branch to pursue his 
studies further. 

The thermodynamic section of the subject is extremely well tr 0 ated» and 
gives a good introduction to the subjeK;t in a simple but accurate manner. 
For British students it is unfortunate that the symbol F is retained for Gibbs’s 
Free Energy instt^ad of G, the symbol agreed at 1937 meeting of British 
and American scientific societies. 

A pai*ticularly useful feature of the book is the wealth of numerical 
examples, many being taken directly from the chemical literature, the solution 
of whioli should assist the student in the undorstanding of the subject. The 
printing, binding and general production of the book are well up to the 
usual high standard of the McGraw*Hill Co. 

J. W. Smith. 

The Chemistry ol Free Radicals. By W. A. Waters. [Pp. viii 
-f 295, with 24 *figure8.] (Oxford : at the Clarendon Press, 1946. 
20s. net.) 

One of the main objectives of organic chemistry concerns the elucidation of 
the fundamental laws wliioh govern the rtdationship between constitution 
and reactivity, so that ultimately it may be possible to predict in detail the 
chemical properti<^ of complex structtir^s. Although considerable advances 
have already been mode towards this objective, more particularly by the 
classical investigations of Lapworth, Robinson and Ingold, it has become 
realised more I'ccently that these theories based on an electronic interpreta- 
tion, though of very wide application, by no moons cover the whole field. 
During the post ten years there has emerged the realisation that many 
reactions involve atoms and fi'oe radicals, and tlio logical development of this 
field has brought to light new preparative processes and a more intimate 
imderstanding of many important phenomena. Tlie experimental evidence 
for the existence of atoms and free radicals, and the mechanisms of the 
reactions in which they participate, form the subject of Dr. Waters’s book. 

The earlier chapters deal with the classical work on tlie stable radicals of 
the triphenyhnethyl type and the later discovery of the free alkyl radicals of 
short Ufo, and those arc followed by chapters on the magnetic properties of 
free radicals, free radicals based on elements other than carbon, and photo- 
chemical decompositions. Although certain gaseous reactions are mentioned, 
the main content of the book is devoted to reactions involving atoms and 
free radicals in solution, on aspect of the subject on which the author himself 
was one of the pioneer workers. Perhaps the most imi>ortaut consequence 
of the theory of free radical reactions is the fact that such radicals and atoms 
can act as catalysts for certioin addition and sul>stitution reactions, and also 
fof the chain polymerisation of olefines. These applications, which are 
frequently of considerable industrial importance, are reviewed in detail. 
The final chapters ore devoted to oxidation and some possible mechanisms 
fof biological processes and, though more s^wculative in character, they serve 
to show the wide implications of the subject and to direct attention to many 
problems which call for further investigation. 

In The Chemistry of Free ftadiccUs Dr. Waters presents the first account 
of developments in on important and rapidly developing field, and he writes 
in that clear and convincing style which makes his books always a pleasure 
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to read. This book is invaluable as a reference work, and should be read 
by all who are interested, whether as toachors, students or research workers, 
in the mechanism of organic reactions and the more physical aspect of organic 
chemistry. It is presented in the usual high standards associatcKl with the 
publications of the Clarendon Press and is very reasonably priced at 20s. 

D. H. H. 

The Chemistry of the Acetylenic Compounds. Vol. 1 : The 
Acetylenic Alcohols. By A. W. Johnson. Ph.D. [Pp. xx -f- 394.] 
(London : Edward Arnold & Co., 1946. 35s. net.) 

The importance of acetylene as a basic material for chemical industry has 
increased to such an extent in recent years that it may now bo said to challenge 
benzene for pride of place as the organic compound of greatest importance 
in industry. The subject matter of the thn^e volumes on The Chemistry of 
the Aceiylenic Compounds planned by Dr. A. W. Johnson is, therefore, of 
major importance, and the publication of the first volume on The AcetyUmc 
Alcohols is a timely and welcome event. Apart from certain American 
publications primarily concerned with the acetylenic hydrocarbons, there 
appear to be no comprehensive reference works devoted to the chemistry of 
acetylenic derivatives in a broader sense. 

The present volume is confined to the Acetylenic Alcohols, including the 
monohydric, dihydric and polyhydric alcohols, as well as the polyacetylenio 
alcohols. Each section, which is j^rosonted in a systematic and logical 
manner, includes an historical survey and detailed information on methods 
of preparation, physical properties and reactions. The systematic presenta* 
tion adopted by Dr. Johnson frequently leads to some repetition. For 
example, the Refonnatsky-ty|>e reaction between propargyl bromide and 
oyofehexanone is mentioned, complete with formuhe, at least three times (on 
pp. 11, 68 and 141). In similar manner the hydrogenation of Zeile and 
Meyer’s glycol is sot out on p. 156 and again on p. 195. Such duplication is 
not altogether a disadvantage, since it makes it the easier for tlie reader to 
find the information he is seeking. In order to avoid breaking the continuity 
of the main body of the work, appendices are included on The Chemistry of 
the Kubenes, Acetylenic Alcohols in the Sex Hormone Series, and on more 
recent advices up to September 1945. A further appendix gives the 
principal physical constants and literature references to the bcsttknowxi 
methods of preparation for all known acetylenic alcohols, imder a fohnula 
index based on the Hiohtor system. Tliis book contains a large mass of 
information which is fully documented throughout with original references 
and presented in a clear and concise manner with ample stmotiiral foitnultt 
and diagrams. 

Tbw volume and its sequels will ocmstitute an invaluable reference work, 
and chemists and others will be grateful to Dr. Johnson for having collected 
and catalogued ^ much useful information in such an accessible form. Both 
the author and the publishers are to be congratulated on ihe production of 
this volume \mder the stress and trials of the past few years when, as Sir 
Ian Heilbron aptly states in his foreword, it must have required considerable 
determination and optimism to embark on a task of this magnitude. 

D* H. H. 
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Advance in Carbohydrate Cbomiatry. Vol. I. Edited by W. W. 
PiGMAK and M. L. Wolfhom. [Pp. xii + 374.] (New York j 
Academic Press, Inc., 1946. $6.00.) 

Ai/THOtJGH in recent years the intriguing study of carbohydrate chemistry 
has attracted increasing numbers of ac^emic and industrial research workers, 
there has been no publication in which their individ\ial contributions could 
be collected, sifted and critically examined in the necessary length and detail 
which the subject warrants. It is inevitable, therefore, that they should 
welcome the appeeuance of this volume, which is the first of a series to be 
published anniially in an effort to satisfy this vital need, and for which credit 
must bo given to the initiative and enthusiasm of a small group of American 
and English workers. 

This first volume, in which each chapter has been written by a recognised 
expert at the invitation of the committee, is mainly of an academic character, 
but industrial aspects will bo reviewed in later volumes. The wide range of 
subjects discussed includes orthoestors, thio- and selono -sugars, oardiae 
glycosides, sugar alcohols, nucleic acids, starch, cellulose and plant poly- 
uronides. Appropriately, pride of place is given to modem developments 
of Fischer’s Cyanohydrin Synthesis.” 

In general, the presentation is such that there is available on abundance 
of valuable information for the specialist without obscuring those funda- 
mental aspects which are of interest to a wider scientific public. An imj>ortant 
feature of the book is the frequent reference to current controversial problems 
and the expression of personal viewpoints by the individual authors on such 
problems. 

The editors need not fear that their readers will be adversely critical of this 
first volume or that the Advances will not receive the whole-hearted support 
of carbohydrate chemists. Nevertheless, as they welcome constructive 
suggestions, one is tempted to propose that references should be grouped at 
the end of each oliapter rather than at the foot of each page. 

The rt>viewer also feels that mention of unpublished work should be 
avoided, since space considerations do not permit the inoliision of sufficient 
experimental detail to enable the value of such work to be assessed. Perhaps 
this is only a passing phase, attributable to a desire to eliminate the long 
delays in post-war publication through the usual channels. 

The publishers are to be oongratulatod for extending their current series 
of invaluable reviews into the realm of sugar chemistry, especially since the 
English-speaking chemist is now able to enjoy the luxury of keeping his 
knowledge up to date without the necessity of delving into Oekmon 
FortschriUe. 

If the high standard of Volume I is maintained in subsequent volumee, then 
indeed, as tlie editors hope, a comprehensive survey of the development of 
carbohydrate chemistry will be available in later years. 

Edwakd J. Boitbkb. 

Advaaco* ia Protaia Chamiatry. Vol. II. Edited by M. Anson 
and John T. Bpsall. [Pp. xiv -f 443, with 14 figures,] (New York : 
Academic Press, Inc., 1946. $6.50.) 

Dubxng reoeat years the problems of protein ohemistiy have been studied 
by workers in many different fields of Biology, Ohemistry and Physios, and 
progress in the subject has become so rapid as to make possible the production 
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of tliig serieB of volumeB in which various wotkeiu may present their viewB 
in an organised form and express their personal judgment on controversial 
subjects. Most of the articles are more in the nature of reviews on special 
aspects of Protein Chemistry, rather tlian elaboration of theorif^i. It may 
be that the production of this series of volumes is somewhat premature, 
esj>ecially if they are to ap|)oar yearly, siuco some of the subjects do not seem 
sudB&ciontly advanced to warrant an extended treatment, and others have 
been reviewed elsowhore. However, it is better to read the some thing 
twice than not at all, and this series of articles is extremely mterf.>8ting, and 
should be of especial value to rcsoarcli workers and advanced students 
concerned. 

The first volume dealt mainly with proteins os they occur in nature. Many 
different subjects ore reviewed in the present voliune, while special emphasis 
is laid on the nutritive properties of proteins. These are dependent on the 
amino -acid composition, which is the subject of the first throe articles, 
A. J. P. Martin and R. L. M. Synge give a comprehensive account of methods 
of amino-acid analysis, followed by an almost complete bibliography of 771 
references, which should be of great use to the analyst in this field, A 
method of analysis which promises to be of great use in tlw^ future is the 
microbiological method, which is dealt with very ably by E. E. Snell. A 
short review on “ The Amino-acid Composition of Food Proteins,” by R. d. 
Block follows, which contains some useful tables of analyses. 

The aiitibodies of the blood are j)robably one of the most important and 
^ost mysterious proteins in the body, and that tlicir production is affected 
by the dietary protein is demonstrated in an article by P. R. Comnon. Two 
reviews deal with special types of proteins ; the ” Copjxjr Proteins,” by C. R. 
Dawson and M, F. Mallotte, and the ” Mucoids and Glycoproteins,” by Karl 
Meyer. The latter is of special value as the subject has not been reviewed 
for many years, The large size and the complexity of the amino-acid make- 
up of the protein molecule mean that the action of a six'cific reagent on a 
protein may bo extremely complicated. That of fonnaldeliyde is a case in 
point, which is comprehensively dealt with by D. French and J. T. Edsall, 
The phenomenon of denaturation, for long one of the mysteries of protein 
chemistry, is discussed by M, L, Anson, whose account is largely concerned 
with the thiol groups. The subject of ” X-ray Diffraction and Protein 
Structure,” which is the last article in this volume, has been reviewed many 
times before, Nevertheless the present discussion by I. Fankuohen should 
be of especial value to the uninitiated as well as those more familiar with 
the field, as it deals concisely with the results of X-ray analysis, and does not 
attempt to draw unwarranted conclusions from them. 


F. SANona. 

. ,/ 

An Xntroductiem to Cluromatography. By T. I. Wilijuims, B*A., 
B.So., D.Phil. [Pp. xii + 100, with 8 plates and 31 figures,] (London 
and Glasgow : Blackie & Son, Ltd., 1946. 10s. not.) 


CtoOMATOOBAPHY is a practical chemist’s tool, characterised by an essential 
simplicity and almost universal applicability in separating (mainly organic) 
mixtures. It bos seemed regrettable, 4herefore, that long accounts of what 
is often almost intuitive practice, theoretical ooncoptions which are remote 
firom practicality, and numerous applications to complex organic substances 
should have sometiines made it appear a subject requiring much learning 
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before it can be profitably used. This attitude would be laughable if applied, 
for example, to distillatiori or crystallisation in their ordinary laboratory 
aspects ; the misconception is patent to any who have witnessed its use over 
ftftetm years since Kuhn and liis associates first used it to such adveuntage, or 
who have pomusidod generations of students to regard it as a day-to-day 
tool with minor difficulties to be circuinventod by native ingenuity. Thus 
any present-day accoiuit of practical chromatography need only give in 
outline the various procedures which have been found advantag<H>u8, practical 
hints to assist the imwary, an indication of how theoretical conceptions may 
assist in devising satisfactory 8q:>arationB, and a few examples to afford 
cohesion. The present book does this very satisfy ingly in 100 pages. 

Principles, methods, and a few detailed examples (which might usefully 
liave included more commonplace topics, such as dinitrophenylhydrazoni^, 
as well as somewhat remote concentrations of vitamin Ki, holvolic acid, 
fijcoxonthin, etc.) comprises more than half the text ; there ore compilative 
directions for chromatographing colourless organic substances, inorgcuiio 
materials, for |>artition chromatography, and a short discussion of theoretical 
aspects. A section on standardising aluinina--a matter which is only slowly 
attaining the prominence it mt?rits« — is a useful ft^atui'e. Some of the dos- 
oription is more tlion sufficient to enable the ohoraist to give chromatography 
a trial, and some of the plates and figures, though well produced, appear to 
lack point or to be inappropriate (c.g. Tswett's apparatus for oenying out 
several separations simultaruxiusly imdor pressure would rarely bo employed 
to-day). Tliese, however, ore but negative factors which do not detract from 
those making the book a reliable one for lalwratory purposes. The only 
regret the book may engender is that it makes chromatography appear pre- 
dominantly a tool for the biochemiocU laboratory with loss roferonoo to tho 
general practice of organic chemistry, ' , ,, 

A. H. Cook. 

A LalKMratory Manual of Qualitative Organic Analysis. By 

H. T. Opunshaw, M.A., I).Phil.(C)xcm.). (Pp. viii -f 96.] (Cam- 
bridge ; at the University Press, 1946. 6s. net.) 

QuALiTAxrvK organic analysis embraces two overlapping objects ; identifi- 
cation of common organic compoxmds, imd intt^rj)i'etation of stmeture in a 
wider sense froip organic reactions. Many teachers strive to ipcipart some 
appreciation of the second object, whereas most books stress tho first.. The 
present work is no exception, perhaps Ixicause of limitations of size. It 
outlines a procedure, familiar enoiigh in principle, for detecting character- 
istic groupings in a father rigid series of tests, and on ultimate identification 
based mainly on the m.p, of derivatives. 

If the avowed objwjt and limitations imposed by 90 pages be remembered, 
this bo6k has much to recommend it. The textual sections ore clearly pre- 
sented and the many tables are stirprisingly informative, including data from 
recent litemture. Details such os “petrol*' and “j^otrol ether” may 
provoke minor irritation and many teachers will find notable omissioiiB to 
remedy by personal instruction ; examples are dealkylation of phenoHo 
ethers, acylations in pyridine, |?-bromopheiiao5d esters, acetylation of aqueous 
salts Of aromatic amines, and hydre^sis of nitfiles by alkaline hydrogen 
peixixide. Agaitist such blemishes must be set features such as model 
brOmiiiation and nitration prooeduree which are admirable^ 
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As an adjunct to qualitative organic analysis in its more oompreheamive 
sense this book has its undoubted value a» well as certain shortoomings ; 
as a manual of more limited scope it probably represents the maximum which 
can be expected for its sjze and price. 

A. H. Cook. 


BOTANY 

The IdwatiAoation ol Conifers. By A. Bbuok Jaoksok» A.L.8. 

[Pp. viii -f- 152, with 48 figures.] (Loudon ; Edward Arnold & Co., 

1046. 9s. not.) 

Al/mouoH the gymnosperm flora of Britain is limited to a pine, a yew and 
a junij&er, there is a very considerable rtuml)er of introduced conifers culti- 
vated in plantations and gardens. In th(i past, gardeners, foresters and tree 
lovers have had recourse to Dallimoro and Jackson’s well-known Handbook 
of Oonif&rae^ when wishing to identify one of those, but there has been a general 
desire for a smaller work that could be carried about in the pocket and used 
in the field. The handy little volume under review was written by Mr. Bruce 
Jackson in response to this demand and should meet vrith widospre^ 
approval. It is based upon the major work, to which it is intended to serve 
as on introduction. Compactness is achieved, jwirtly by the omissiem of the 
Ic^ common and more tender 8]:)ecie8, but mainly by the elimination of 
descriptions and reliance on keys for identification. The keys to the genera 
and species are simple to use and, as they arc based upon vegetative characters 
of shoots, buds and leaves, avoid the irritation so often engendered by the 
discovery that an identification cannot be made without cones, which aiC 
either wanting or out of roach. About half of the text is devoted to nomen- 
clature, country of origin, size attained and short notes of arboricultural 
and silvicultural interest. The other half is given up to listing noteworthy 
specimens and their dimensions. The wisdom of taking up so mtich upace, 
in a book interided largely for the student and amateur, with data easily 
referred to elsewhere, is questionable. If, instead, additional characters 
luui been given, including those of the cones, the value of the book would 
have been augmented. In spite of the excellence of the keys there are tixnsa 
when supplementary infonnation would be helpful, especially in such oritioal 
groups as the Junipc^rs and Cyiwssss, where the range of variatic»pL is wide 
and parallel forms occur in related species. The excellent line drawings by 
Miss Lister clarify many details of structure and add much to the usefiilness 
of the book. 

R. M. 


Trace Blamaota in Plante and Animals. By Wali^e Stubbs, M.A., 
ScJ)., F.L«@., F.B.8. [Pp. xii -f 189, with 12 figures*] (Cambridge; 
at the University Press, 1946. 12a, 6d. net.) 

Tbb effect of trace elements on plants and animals, rather than the actual 
amounts present in healthy and unhealthy individuals, is the main theme 
of Professor Stileses book. The readers attention is rightly drawn to the geap 
which exists between knowledge of the effects of trace constituents and 
ability to inteipret the results of analytical determinations* The obvious 
need, too, for a closer study of the msvlim of water culture experiments, on 
which much of our infewmation regarding plants is based,, in relaticin to the 
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oonditiom existing in the soil, is indicated. This might, indeed, have been 
further emphasised, as it is from the soil that both plants and animals ulti- 
mately derive their trace nutrients. 

Tl\e presentation of the subject is useful in giving a critical survey of 
the present position and in pointing the way to future work. Generally, the 
treatment of plants is fuller than that of animals, and the historical introduc- 
tion deals only with the plant aspect. An account of the deficiency diseases 
in plants attributable to nmngoneee, zinc, boron, copper and molybdenum 
is followed by a section on tlie funotions of these in the plant and on the 
interrelationship which exists in certain instances, c.g. between manganese 
and iron. A further complication which is discussed is the eRect of bacteria 
on the trace element balance. In animals the problems of excess selenium 
and molybdenum and deficient eopi>er, iodine, manganese and cobalt are 
dealt with. 

The modem approach to the analyticcd problems involved in the deter- 
mination of trace constituents, using abeor|itiometric, polarographic and 
spectrographic methods, is indicated in a section of the oliapter dealing with 
all methods of investigating micro -nutrient problems. 

Tlie only misstatement noticed was to the effect that nickel has not been 
detected in sea-water (p. 126) and on p. 44 there is an obvious misprint of 
0*3 g. for 0-3 fig. The book is eminently readable : undergraduate, research 
worker and general reader will ail derive benefit from it, and the bibliography 
gives a good introduction to the literntui*© of the subject. 

R. L. Mitchell. 


ZOOLOGY 

The Trematoda : With Special Helerenoe to British and other 
European Forme. By Ben Dawes, D.Sc. (London), A.R.C.Hc., 
D.I.C., F.L.8. fPp. xvi 4 044, with 81 figures.] (Cambridge : at 
the University Press, 1946. 62s. 6d. net.) 

The need for a recent book^in English which covers the whole field of the 
Trematoda lias been felt for years, but the task of the compiler has become 
suoli a formidable one, and the knowledge required so exUnisive, that imtU 
now British workers liave failed to supply what was one of the most urgent 
requirements in the whole field of Helminthology. Dr. Dawes's scheme is 
ambitious and aims at covering not only morjihology and taxonomy but. life - 
histories, biology, phylogeny, geographical distribution and history. The 
mm collection of this information in a single volume will in itself constitute 
a boon to all workers, and Dr. Dawes should bo heartily congratulated on his 
aohisvaiiMmt. 

Xham are some details which a^re particularly worthy of praise ; for 
Table 1 (p. 84), giving the general characters of the main features 
ol the faioUies of the Digenoa. The list of popular^ as well as scientific 
namM of hosts, is extremely useful. The former are frequently more stable 
than the latter and their mclusion saves a lot of library work. It is also very 
satisfactory that at last adequate omphaais is placed on the value of camera 
luci^ drawings. Let us hope all post-graduate students embarkui^ on their 
first publication will take this chapter well to heart I 

Inhere are inevitably some portions of tlie work which do not reach such 
a high standard as others. The chapters on the larval forms are notably weak 
and contain many errors. It is possible that a paragraph has been omitted 
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between pp. 420 and 427. The Gymnooephahifl cercarieB are desoribed as 
‘‘ aU poor swimmers . . . living near the bottom of ponds . . . and showing 
no special behaviour response to light . . . encysting on herbage.’* In* 
eluded here is the well-defined group of Opisthorchid oeroariaB. These with 
few exceptions are among the most poworful swimmers of all ceroari®, 
showing exceptionally clear-cut phototropisms, and encysting in fish 1 Other 
types of inaccuracies occur in this section. Thus, for example, on p. 429 
it is stated that one species of Cystophorous cercarisp con be added to Miller’s 
(1936) list of fourteen species, whereas in fact at least nine were first described 
between 1936 and 1941. 

The bibliography is extensive and extrt^mely valuable, Ther(^ are, how- 
ever, some very curious omissions, among which is the 500-pago monograph 
on Larval Trematodes by Dr. Annie Porter (1938), with descriptions of over 
90 new sjieoieB. Despite the special reference in the title to the British Fauna, 
some of the relatively important papers of this romai'ksbly scanty literature 
are not inoluded. But those are details. Dr. Dawes stresses the fact that 
the book is not intended for specialists, nor is it a t<3xt-book. It will prove 
indispensable and stimulating for students and provide a much needed 
“ take-off ** for futiue research. It will also bo invaluable to speoialists in 
other groups who wish to obtain a bird’s-eye view of the Treinatoda without 
prolonged and tedious researches in the library. 

The Cambridge University Press are to be sincerely congratulated on the 
high standard of the production. 

M. R. 

f 

Some Properties and Applications of D.D.T. [Pp. 34.] (London : 

Hjyi. stationery Office, 1946. Od. net.) 

Ijsr 1942 the ever-expanding needs of the allied armed forces for insectioidea 
to control disease •carrying insects became acute when supplies of pyrethmm 
and rotenone were cut off by the entry of Japan into the War. The outstand- 
ing properties of the synlhotic insecticide D.D.T. wore aniiounoed at a time 
when the demand was most pressing. A sample was obtained fiom Switzer- 
land and this proved so promising that an intensive programme of research 
was put in hand. The work was carried out by various government estab- 
lishments, by extra-mural teams of workers in the United Kingdom, by 
various Colonial establishments, service imits and by teams of workers from 
the British Commonwealth and the United States of America. This booklet, 
issued by the Ministry of Supply, summarises results in this field up to the 
end of 1945. 

The author concentrates on the practical considerations coimeoted with 
the use of D.D.T.-— chemical and physical properties, typical fonnulations 
and means of dispersal, as well as toxicity to vertebrates and arthropods. A 
useful assessment of the control achieved in field tHala agahist a variety of 
artliropod pest* is given in an appendix. The booklet is xiot a guide to the 
fturthor literature and indeed is compiled largely from impublished reports 
held at the Ministries of Supply and Production. Owing to the delays 
imposed on publication, it is still difficult to view in perspective the very 
substantial British contribution to this work. 


A. D. L. 
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Notes on Microeoopioal Technique for Zoologists. By C. F. A. 

Pantin, So.D., F.R.8. [Pp. viii -h 73, with 8 figures.] (Cambridge : 

at the Uiuversity Press, 1946. 6s. net.) 

Thk teaching of microBoopioal technique to students must necessarily follow 
a somewhat illogical course. Ideally one should begin by explaining the 
scientific basis of the methods, the physics and chemistry of the processes 
involved in making the structure of cells and tissues visible. Tlien one should 
proceed to an account of the methods themselves, with an attempt at an 
analysis of those that are empirically developed and improperly understood: 
In fact, however, the students, as soon as they begin a specialised course in 
Zoology, will wish to make preparations of the organisms or tissues they are 
studying, long before they have been able to grasp the principles involved. 
The value of Dr. Pantin's excellent book is twofold. First, it provides the 
student with advice as to the best method of demonstrating a variety of the 
objects he is likely to meet in a zoological course ; the selection is based on 
the author’s experience, so that one is saved the embarrassment of choice 
between the many altemativ(^ offered by standard works such as “ Bolles 
Lee *’ (the “Mrs. Bee ton “ of British liistology). Second, the book indicates 
in its rich and up-to-dat(^ lists of iH:>fennice8 how the student can come to 
understand what ho is doing, and how his knowledge of liviiLg matter could 
be exti<^nded by the newer methods of microscopy and histochemistry. It 
is a book that the student will grow out of if ho embarks on research work, 
but it will save him many of the growing pains of his cuiolescenoe os a 
microaoopist. W. H. 

AGWCULTURE 

The Agricultural Development of the Middle East. By B. A. 

Ksek, D.Sc., F.R.S. [Pp. xii + 126, with 15 plates and 2 maps.] 

(Loudon : H.M. Stationery Office, 1946. 6a. net.) 

This, report forms part of a survey resultuig from the decision of the Middle 
East Supply Centro to sot up a scientific Advisory Mission to examine the 
principal scientific problems and technical resources, and to make recom- 
mendations for tlieir development and for the establishment of the necessary 
organisation in the Middle East and elsewhere to ensure the practical service 
of information and advice. 

As Dr. Keen, who was entrusted with the agricultural portion of the 
programme, explains, the Middle East region covers no less than fourteeix 
countries and extends from Cyprus in the north to the Sudan and Ethiopia 
in the south, and from Tripoli tania in tlie west to Persia in the east. In such 
a vast region it is only natural that the chmatio oemditions are extremely 
divorsct, and agricultural development ranges from the most advanced irriga- 
tion fanning to the ancient pastoral habits of the nomad. It is nevertheless 
claimed that in spite of these diversities there are many common problems 
such as the division of the climate into a hot rainless summer and a rainy 
winter, the piedominance of peasant fannmg and similarity in the systems of 
land tenure. Although the urgent demands of the War called for an imme- 
diate survey, it is believed that it will be necessary to continue to regard t^ese 
problems on a regional basis after the war, more especially as the organisation 
envisaged by the Hot Springs Conference will work on a regional basis. 

After outlining Middle East Agriculture by territories, the obstacles to 
agricultural improvement are discussed. The author stresses the difficulties 
arising from the systems of land tenure and sodal organisation. In all 
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ooimtrioB where agriculture ie on a low subidateiioe level, the greatest difdoul- 
ties in eflEeoting technical improvements by raising the standard of implements 
and buildings, or the encouragement of better livestock and seeds, are due to 
the inseetuity of tenure, the iudebtedtiess of the cultivator and the fragment 
tation of his holdings. The agrioulUtral dopfirtments cannot remedy these 
defects by themselves, their solution nxpiiros the whole weight of an en> 
lightened Government. Until some solution is found to these problems, the 
technical improvements discovered by the rosoarch officers of the departments 
of Agriculture will be difficult, if not impossible, to apply. These obstacles 
to agricultural improvement are discussed fully and form one of the most 
valuable sections of the report. As is pointed out, it is simpler to try new 
systems in areas that are unoccupied or relatively undeveloped. A good 
example is the Gezira of the Anglo -Egyptian Sudeui, where a tripartite partner- 
ship between the Government, the t<mant c3ultivators and the Sudan Plan- 
tations 83mdicate has worked wonders. Other efforts on similar lines are the 
Jewish settlements in Palestine, the Italian settlements in Libya and the 
Latifiyah Estates in Iraq. The development of the co-opcjrative societies in 
Cyprus is discussed as a possible avenue for effecting improvements. 

Considerable space is devoted to the possibility of efff^cting technical 
improvements and tlie six^cial scientific problems of each territory arc briefly 
outlined. 

It is natural that the problems attending the use of organic residues aa 
manures should have been discussed in some detail by the author in view of 
his researches into soil problems. There will probably be a division of 
opinioti with regard to his advocacy of the i^easant's custom of burning animal 
dimg for fuel instc^ad of applying it to the land. Wliothor the application 
of farmyard manure to the land in the tropics is a waste of time or whether 
it does good is at present a matter of controversy, but all will agree with 
the author that it should bo the subject of carefully controlled experiments. 
What is important to remember, however, is that the peasant will continue 
to bum dung for fuel until he can get some other source of heat and that 
the residues with their valuable mineral contents do not go back in the land 
but usually remain in and aroimd the buildings. 

It is good to note that a warning is given against the unrestricted use of 
tractors ; in fact, one could go further and say any mould-board plotlgh, 
for in the han4s of unskilled workers their use may cause untold damage to 
the land, os experience in Uganda has already shown. Carefully controlled 
experiment must precede their general adoption. 

In the flnal chapter an attempt is made to suggest methods of effecting 
improv^nts. Stress is agein laid on the fact that no system of agriculture 
can be progressive unless the holding can be worked as a unit. One of the 
diffictflties of the small peasant farming system is the difficulty in grading 
and marketing crops satisfactorily, so that peasant produce has difficulty 
in competing %ith plantation goods. To get over this difficulty Dr. Keen 
has suggested the formation of Public Utility Corporations working with 
the Government and the tenants. Space does not permit the mention of 
other important issues raised by the author. 

^ T^ an amusing clerical error at the top of p. 63, where the words 
'^peanuts and “ peasant ” seem to have become transposed. 

The w^rt is accompanied by a series of photographs of topical interest 
and folding map. This thoughtful review is well worth the study of all 
trho foterested fo agricu]^^ ^G, iS, 
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PHYSXOIiOGY AND MEDICINE 

Annual Reviaw of Phyoiologj. Vol. VXn. Edited by Jamss MtTBBAY 
LtrcK. [Pp. viii -f 668.] (Stanford Univereity P.O., California : 
American Physiological Society and Annual Keviewst Inc., 1946. 
$ 6 . 00 .) 

This annual has survived the war, has appeared regularly since 1939, and 
displays signs of increasing usefuhiess. The earlier volumes showed a 
tendency towards the “ animated card-index ” type of review, but the 
present series is, almost without exception, critical and readable. The 
preface indicates that this is in accordance with declared editorial policy. 
The difficulty of securing foreign journals and the slowness with which work, 
secret during the war, is now being published are rightly deplored, and the 
editors might well consider whether any action can be taken to correct this. 
The reviews have another function besides keeping the current reader up to 
date ; they will be increasingly used as a key to older literature whereby 
research workers may survey the way in which their particular subject has 
developed. Contributors for the next few years might be asked to draw 
attention to any missing work which would have Iml an important bearing 
on the reviews of tlieir predecessors. Gaps in the references are inevitable 
and can be filled from other sources, but apparent jumps in the development 
of thought on a certain topic should not, if they occur, go unexplained. 

The first three reviews treat of general topics — thc^ effects of ultraviolet 
radiation, aspects of genetics and developmoiital physiology. Thereafter the 
main body of the subject is attacked. The sections on heat and cold, the 
skint shock, the visceral functions of the nervous systemy physiological psycho- 
logy* and applied physiology all contain information regarding the reaction 
of the body to stress (particularly temperature change) and, of course, much 
besides. The j^uenoe the war has had upon research is also apparent in 
the reviews of respiration, aviation physiology and audition. The availability 
ol man for experimental work gains emphasis from the sections on heart and 
kidneys where we learn that not only can blood be comfortably withdrawn 
from the heart by venous catlieterisation, but that the same teclmique can 
bo used for obtaining blood from the renal veixi. A theme is apparent in 
many reviews — Pitta shows how the new techniques for testing renal fimctipn 
are displaying the kidney's part in the economy of the body, Oregerson firmly 
disposes of the general capillary permimbiUty theory of shook, Hare in a 
weU4haught-aut contribution stresses the unity of the autonomic system, 
D^psoy searches for the principles of endocrinology and so forth. Becent 
work on the digestive system, liver and bile, blood* heart, the somatic nervous 
system and reproduction is straightforwardly reviewed, and Hooker, in t^e 
lii#^named field, has produced a readable survey which is neither too general 
nor top limited in its spope. An article by Cope and Kosenfeld suggests that 
much of interest remains to be discovert about the lymphatic system. 

W, H. N. 

imd Hurmonaa* Veil, tXt * Edited by Bobbbt S. Barbis 
and IDsnn^ V. THiMAim. {Pp. xvi + 420, with 18 figures and 
M tables.] (New York : Academic Press, Ihc., 1946. $6.50.) 

Iw jo from the publioatiqn of this volume, the third of the spri^, that 
iho der Vitamin* wnd S<mnoii\for4ichimg has not only successfully 

ty fHMylan^ ation from Leipzig to New York, but that its reinparna- 
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tion under non -Nazi auspices and a now name have resulted in the production 
of a highly viable organism. Furthermore, a simultaneous change of pub- 
lisher from the Akademisohe Vorlagsgesellschaft M.B.H. to the Academic 
Freae, Inc., and tho editorship from that of Ruzieka and Stepp, and of Mel- 
lanby and Ruzicka for Volume II, to tliat of Harris and Thimoim for Volume 
Hi, has involved no lowering in standard of the pre-war publication. This, 
it has to be admitted, was a very liigh one, in spite of tho anti -Semitic lunacy 
that led to tho removal of on excellent Gk^rman editor lest he be oontaminated 
by his association with a volume not unimpeachably “ Aryan ** in authortrhip 
and also made it nooeseary for the publi-shers themselves to fioo across the 
Atlantic. 

The first volume of Vitamim mid Hornwnas was produced in such a way 
as to medke clear to readers that it was, without actually faeaimilating the 
Ergebnisse, its linear descendant and would fulfil post-war the functions 
of the pre-war Gorman jmblication. It apjware^d in 1948 and wob followed 
in 1944 by Volume II ; the good work has now continued in Volume III. 
Its international flavour is maintained by a good mixture of British (3), 
United States (9) and Palestine (2) contributors ; further, of the fourteen 
authors, at least two come from industrial laboratories and tho rest from 
Universities, Medical Schools or Research Institutes. By casting the widest 
possible net tho editors are thus able to secure tho services of tho best individual 
experts. 

Outstanding in this particular volume is on almost monumental mono- 
graph on “ Growth Factors in Microbiology by B. C. J. G. Knight of the 
Wellcome Physiological Research Laboratories in Beckenham. This review 
is no pages long and furnished with 466 reftirenoes ; it constitutes a 
thoroughly up-to-date and authoritative survey of what the author himself 
calls “ Some Wider Aspects of Nutritional Studios with Micro-organisms.” 
It deals chapter by chapter with nine substances that are admitted by all 
or sbme to fall into the group of water-soluble vitamins, os well as with a 
number of others, such os glutamine, purines and pyrimidines, oleic acid afid 
naphthoquinones. 

Of highly topical interest is the review by Najjar and Barrett of Johns 
Hopkins Hospital, surveying what is known about the synthesis of B vitamins 
by intestinal bacteria. Recent investigations in this field and the conclusive 
evidence to show that a portion, possibly a significantly large portion, of 
man’s aneurine, riboflavine and nicotinic acid intake are derived from the 
aotivitieB of his alimentary allotment, may bring about revolutiotwtfy changes 
in our attitude not only to certain deficiency diseases but alBO,4o the rela- 
tionships between diet and health. The problem of disentangling the 
ejtient to which dietary nutrients directly affect the well-being of thrfr con- 
sumer and, at the same time, indirectly ^ect it by modifying his intestinal 
flora, is a matter that will only be settled by long and patient investigation, 
and reviews like the present one are of great value in surveying the ground so 
far covered. 

There is no space here to do more than mention in passing the article 
by T. Moore of the Dnnn Nutritional Laboratory at Cambridge, bh the 
Interrelation of Vitamins,” and that by Daft and Sebrell, of the ii^aticmal 
Institute bf Healthy Bethesda, on ” Sulfonamides and Vitamin Befleienoies ” ; 
it may, however, be pointed out that this article dovetails very mcefy with 
that of Najjar and Barrett because certain of the less solnbte sulphoii^ 
have been ingeniously used for investigating the difleretice in nutritive 
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of iiniinals witli a normal alimentary flora and those whose guts have 
been sterilised with a aulphonamide dr\ig. 

Nutritionists will also be interested in Warkany's ireviow on ** Manifesta- 
tions of Prenatal Nutritional Deficiency/’ contributed from the Children’s 
Hospital Research Foundation of Cincinnati. 

In the andoorine field, E. C. Dodds of the Courtauld Institute in London 
discuBses “ Possibilities in the Realm of S 3 mthetic Estrogens,” while Zondek 
and Sulinan from Jc^rusalem survey our knowledges of “ The Mechanism of 
Action and Metabolism of Gonatiotropic Hormones in the Organism.” 

Approaching the subject of physiology is the review by D. Nachmansohn 
from the College of Physicians and Surgeons in New York, concerning itself 
with ” The Role of Acetylclvolino in the Mt^hanism of Nerve Activity.” 

It is a pity not to be able to give to the 65*page review by SubbaRow, 
Baird Hastings and Elkin from the D^derle Laboratories on ” Chemistry 
of Anti -Pernicious Anesmia Substanetss of Livei* ” as warm a welcome os to 
the other sections. Little but nf>gative results have point when the substcuice 
examined is known not to be completely puns ^nd this is a fortiori truer, the 
loss pure the material inv’^estigatod. The authors of this article have meiicu- 
lousiy BurveytHi ” the progin^ss made since 1926 toward the isolation and 
identification of the anti*pemicious anosmia nmtorial of liver.” The passage 
quoted is immediately followed by the disamiing sentence : ” Unfortunately, 
Mrithin a short time, save for its historical interest, this review may be without 
scientific valut?.” Without going as far os this modesty would seem to impel 
us, it would seem higttimate to question whether elaborate details of methods 
of fractionation, leading in any event to a rt^latively ” ci^ude ” product, con 
usefully 1)0 exhvuned from the scientific journals in which they first made 
their appearance. The authors of this article point out in their final para- 
graph that the amoimt of material needed fur tht^ patient per day lua*, as a 
rcBult of intensive attempts at concentration, dtxjreased from 400 g. to less 
than 1 mg. It follows, ihert^fore, that the average tlierapeiitic dose cannot 
be more than 1 mg. Yet the greater part of this review article is oouoemed 
with descriptions of t he nudhod of preparing concentrates that ore only active 
in far larger doses. In my view, the time is not ripe for surveying the 
chemistry of this liighly important substance. Recent work on folic acid 
and highly suggoetivo investigations into the relation betwe^^n tliis substance 
and its conjugates, as well as careful comparison of the effects of such pro- 
ducts with those of anti-aneemic concisntrates prepared from fiver, may well 
solve the whole problem in a much shorter time than could legitimately have 
been forectiat only a year ago. When that time comes a review by SubbaRow 
and lus ool leaguers will 1x5 most welcome and much more useful tlian their 
preset gallant but rather ineffective effort. 

A. L. Bachabach. 

Food and Health : An Introduction to the Science of Nutrition. 

Dy A. Babbaba Callow, M.A., M.Sc., M.S. Tlurd edition. [Pp. 
viii -f 184, with 9 figures, including 3 plates.] (Oxford : at tile 
Clarendon Press, 1946. Qa, net.) 

This edition of a very useful book has appeared at a fortunate moment. 
People need a simple introduction to the soionoo of nutrition and most of 
such books are out of print. Tliis edition has been almost entirely rewritten 
and is improved in every respect. 


N 
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It is an interasting speculation whetliei* it was chance or ooincidonce that 
gave Ml’S. Callow her initials, still unchanged when she married. Anyhow 
she has given us in thi<^ book, the ABC of nutrition in a very clear and logical 
way. It is difficult, for example, to see how thl5 explanation of that stumbling- 
block to the layman, tlie biological value of proteins, could be bettered. 
The compilation on p. 6 of the nutritive value of some proteins will be hailed 
with delight by teachers of the subject, tliough not, we think, by all 
vegetarians. As scientist, perforoi? turned housewife, Mi's. Callow haa the 
practical application of the soienoe of nutrition not only in mind but in hand, 
and makes many common-sense suggestionH about the choice of food and 
everyday meals in tlie later pages of her book. 

One mild grumble may be allowed. Mrs. Callow still retains family 
coefficients in dietary surveys, though she warns us tliat though they are 
correct for calories they cannot Iw correct for all other nutrients.” Why 
mention them, then ? They may mislead lay folk, for they have been known 
to mislead nutritionists. Most of us ean see little difference between 3000 -f 
2400 4- 1800 -f 1500 and 3000 (1 -f O H + 0-6 -f 0*5). The latter looks 
more mathematical, that is all. But this is a small matter in a book which 
can be reoormnended to the genenil reader for its clarity, simplicity of style, 
common sense and logic. 

V. H. M. 

Chemotherapy^ Yesterday^ To-day, and To-morrow. By Sm 
Alkxander Fleming, M.B,, F.R.C.8., F.R.C.P., F.R.S. [Pp. 39, 
with 2 plates and 5 figures.] (Cambridge : at the University Press, 
1946. 2^. net.) 

This is a clearly written authoritative aceoimt of the control of bacterial 
infections by chemical substances. The author traces the development of 
ohemotherapeutios from Lister’s use of carbolic acid os an antiseptic, tlirougb 
the large number of chemicals introduced unsuccessfully for the treatment 
of localised infection, to the extensive employment of Daldn’s fluid for septic 
wounds in the 1914-18 war. 

Ehrlich’s Salvarsan was the first real success in this form of treatment 
for bacterial diseases, and, although it proved to be less efficient than was 
originally hoped, it stimulated research on chemotherapeutic drugs. 

In 1935 Domagk showed that Prontoail had a curative action on mice 
infected with streptococci, and within a few years many closely related sulpbo- 
namide drugs had been discovered with therapeutic effijcts on certain bac- 
terial infections. 

The last chapter of the story, at present, is the discovery and use of peni- 
cillin, in which Sir Alexander Fleming has token such a prominent part, and 
gramicidin, which would probably have been more widely used hod not 
penicillin been completely non-toxic. Tlie author is certain that other anti- 
biotics will be discovered. Already streptomycin has been produced, and 
many teams of investigators are seeking more uselul and more powerful 
substances, 

Any person requiring a non-biosed and accurate account of this fascinating 
branch of medicine will fixul this booklet, based on the Linacre Lecture 1946, 
interesting and extremely readable. ^ 


T. C. 
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MISCELLANEOUS 

The Outlook ol Science : Modern Materialism. By B. L. 

WoBRALL, M.B., Ch,M. Second edition. [Pp. 191.] (London, 

New York, Toronto : Staples Press, Ltd., 1946. 12«. 6d. net.) 

This book, the first edition of which was published in 1933, is a liighly pole- 
mical exposition of the standpoint of dialectical materialism which was 
brought into prominence by Marx, Engels and Lenin, and developed by reeent 
Soviet writers such as Zavadovsky. Dr. Worrall evidently considers attack 
the Ixjst fonn of defence 6md criticises with great vigour all forms of idealistic 
doctrine, from Berkeley to J. S. Haldane and the modem physicists who 
dabble in plulosophy. But the mechanists also come under his condemnation : 
Hogben, J. B. Watson and his behaviourism, and even Pavlov in his neglect 
of mind, are subjected to criticism. Dialectical or “ modem ” materialism 
is not meolianistic in the old seme. Wliat then is it ? The book does not 
make this entirely clear, and it is a pity Dr. Worrall did not give more space 
to exposition and less to criticism of opposing views. The main principles 
are summarised as follows : “ The universe is matter in various forms of 
motion. . . . Matter is self-motivated and everywhere continuous in the 
dynamic relations of its difforemt structural forms. Physical ch*mge is the 
sum total of various forms of motion, int/*>grakxi in an infinite variety of 
events and processes. Physical change occurs through the developing unity 
of opposite and inter] wnetrating qualities. Quantitative changes give rise 
to qualitative cliangos, and vice versa. Thought is a function of the brain, 
which is matkir organised in the course of evolution as a highly complex 
structure of nerve cells. Mind reflects in perception the independently exist- 
ing reality of the ovor chtmging physical world (p. 10). The point of view 
is realistic and dynamic, and curiously reminiscent of the poetic and naive 
materialism of Lucretius. But “ modem materialists ’’ see in matter much 
more than inert jiarticles in motion. The evolution of matter,” 

writes Dr. Worrall, ” and the astounding facts of recent embryology are 
fundamentally incomprehensible without a recognition that matter is self- 
motivated. ‘ Inert matter moved by a non-material energy * is a hopelessly 
inadequate concept for a rational and comprehensive interpretation of biolo- 
gical phenomena ” (p. 178). One begins to wonder why they call themselves 
materialists ; realists, yes, since they consider reality to be independent of 
mind, but their conception of ” matter and its potentialities goes far 
beyond what is commonly understood by the term. 


E. S. R. 
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THE LATE-GLACIAL PERIOD 

Bv H. GODWIN, M.A., Sc.D., F.R.S. 

JioOtny School, Vmntfridge 

At the maximum glaciation of the last Ice Age, the ice-front 
reached Jutland, Holstein, and East I'russia, and between it and 
the northwards extension of the Alpine ice-fields a belt of land in 
places no wider than 500 km. or so was left. Over much of this 
country a so-called j)ori -glacial climate prevailed, recognisable by 
frost-modified soils {Crijolurlmtic phenomena of Florschiitiz, or 
Congeliturbaticyri of Bryan). Wind -borne dust was deposited as 
loess over considerable areas ; ocean-level was lower than it now 
is by some hundreds of feet, so that the British Isles were part 
of the Continental land-mass. In the British Islands also ice- 
sheets covered a substantial part of the country and we may 
assume peri -glacial climate for much of the rest. 

The extreme conditions of this time make it an appropriate 
basis fix)m which to regard the history of the physiography, fauna, 
flora, and human occupation as they progressively approach their 
Ijresent-day status. The jx^riod of time thus embraceil is of the 
order of 18,000 years, and embraces the two great periods of the 
late-glacial and the post-glacial. It was until recently customary 
to define the end of the late-glacial period as coinciding with the 
bi-partition of the Swedish ice-sheet at Ragunda, which, however, 
is now known to be as late as the ATicylus pi^riod, that is, within 
the post-glacial warm jieriod. The last few years have seen the 
view accepted that the end of the late-glacial period should be set 
at the time when a cover of woodland first extensively replaced 
tundra- vegetation in southern Scandinavia, Denmark, and northern 
Germany. This appears to correspond vrith the phase, which began 
about 8500 b.c., of glacial retreat from the great line of end-moraines 
which cross southern Sweden and which are contemporaneous with 
the Finnish Salpausselk& moraines. It is now recognised that 
there was then no regular recession of a continuous ice-front to central 
Sweden, but melting was rapid and general and left discontinuous 
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masses of dead ice everjrwhero, whilst open birch-pine woods 
rapidly colonised the region ’thus made free. 

The deposits of lakes and bogs, investigated by the technique 
of pollen-analysis, have presented a substantial picture of vegeta- 
tional history of much of Europe from this time forward, that is, 
for post-glacial time. The history of replacement of birch-pine 
forests by the warmth-demanding trees is now a familiar one, and 
it is known how throughout western Europe this replacement phase 
coincided with a phase of a remarkable preponderance of hazel 
pollen. There ensued in the post-glacial climatic optimum domi- 
nance of the mixed oak forest and optimal extension of warmth- 
demanding sjiecies of plants and animals. Later, in the last 2500 
years cUmatic deterioration has been accompanied by a partial 
reversion of forest-history. 

Whilst knowledge of the post-glacial period thus advanced 
rapidly, relative obscurity at first prevailed over the preceding 
period, the late-glacial. Work published during the last ten or 
fifteen years, however, gives promise of swift elucidation, and this 
turns upon two or three particular features. Firstly, the recogni- 
tion that the course of chmatic ameUoration in the late-glacial was 
everywhere interrupted by a temporary setback, so that a some- 
what warm interstadial phase was succeeded by returning con- 
ditions of coldness before the resumption of the general amehoration. 
From the Zealand site, where deposits of this phase were first 
described, this is referred to as the Allored phase ; it has now been 
widely encountered and clearly affords a means of recognising, and 
at the same time sub-dividing, late-glacial deposits over much of 
north-western Europe. 

In the second place the technique of pollen-analysis, which at 
first was exploited exclusively to determine the forest vegetational 
sequences, has been improved and extended to permit the recogni- 
tion of pollen of a considerable range of plant species beyond those 
of the forest dominants. The contemporary rise of pollen investiga- 
tions in relation to hay-fever has assisted this process, and now 
analysis, of the “ non-arboreal pollen ” (N.A.P.) alongside the 
“arboreal pollen” (A.P.) is becoming of great value. Firbas 
pointed out at an early stage the value of the N.A.P. /A.P. ratio 
gs an index to the treelessness or afforestation of a region, and it 
is now generally found that the opening of the post-glacial period 
can be detected by the rapid fall in the values of the ratio at tliis 
time. In contrast to the possible expectation of heath-clad wastes, 
the non-tree pollen, consisting overwhelmingly of grass and sedge 
pollen, pointed to grass-sedge tundra. 
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Pollen-analy»ifl of course tends to give a general picture of 
vegetational composition, grains are often carried for long distances 
by the wind or by water before fina) incorporation, and pollen 
derived from older beds may easily be incorporated in newly* 
forming deposits. For these reasons their study is naturally 
supplemented by extraction and identification of macroscopic fossils, 
such as flowers, leaves, wood, fruits, and seeds, which are likely to 
be of more local origin and also to permit sj>ecific diagnosis. 

The stratigraphic evidence of the Allerod oscillation is of con- 
siderable interest. As described by Hartz and Milthers at Alleroi^I 
itself, there is a deop-basin in which 3 or 4 m. of peat overlies 
strongly laminated clay up to 5 or 0 m. thick and containing sandy 
layers with plant remains and also pebbles of chalk and of clay. 
The clay is divided, some l| or 2 m. from its base, by a layer of 
organic lake-mud (nekron-mud), up to 30 cm. in thickness. The 
evidence of the plant remains indicates that the lake mud was 
formed under temperate conditions, whilst the clays above and 
below were formed under an arctic climafo. The up|>er clay ^was 
not brought in by downwash, but by a solifluction process. Bdula 
nana {the arctic birch) and Drya^s octopeiala were recovered from 
the sand layer in the clay, and remains of the large-leaved (tree) 
birches were found in the nekron-mud. 

A similar threefold division to this has been encountered since 
in many sites in Denmark, Sweden, Germany, and Ireland. In 
England it appears to be represented at the Hawke’s Tor China 
Clay Pits on Bodmin Moor, Cornwall, where unpublished work on 
the pollen by Mrs. E. M. Megaw and on other plant remains by 
Mias A. P. Conolly support this interpretation. The sequence of 
older Dryas clay — ^lake-muds — ^younger Dryas clay is now become 
familiar in middle and western Europe, and corresponds with the 
poUen*zones I, il, and III, in use by Jossen for Denmark and 
Ireland. 

Hartz, shortly after publication of results at the type site, 
described a second typo of Allerod stratigraphy. At Femsolyng 
there was a thin layer of lake-mud containing tree-biroh (clearly 
the Allerod mild phase), overlaid by Dryas clay. Beneath the 
lake-mud, however, instea4 of Dryas clay were a few cm. of sandy, 
dark mould with* fine leaves, twigs, and roots of tree-birches, large 
willows, Arotostaphylos, etc.^ and in one place a large birch tree 
*was found rooted in the moroine-olay beneath, Hartz explains 
that the basin did not exist in Early Dryas time, but that its site 
twas occupied by a large embedded mass of “ dead ice. In the 
inild AJlerod period the ioe-block melted so that the floor of the 
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birch-willow wood grovsdng on the moraine clay became submerged 
in the lake thus created. This land facies of the Allerod period 
has been found elsewhere, naturally associated with the kettle-holes 
made by the melting of buried ice. Possibly the steep-sided lake 
basin described by Hardy from Whattall Moss, Shropshire, is of 
this nature. A third type, a deep-lake facies, has l)een described 
from Windermere in the English lake -district by Pennington, who 
had the advantage of using the Jenkin sampler which will take 
undisturbed cores from beneath deep water. The late-glacial layers 
are here pink and grey clays exhibiting fine laminations, probably 
annual varves, interrupted by a gi'ey-brown organic lake-mud a few 
centimetres in thickness, which represents the milder Allerod phase 
when organic growth in the lake was possible and when the sur- 
rounding ground, now clad with vegetation, yielded less mineral 
matter to the streams feeding the lake. 

In yet other types of terrain other facies of the Allerod sequence 
probably remain to be described, and it seems probable that in 
shallow lakes of gently rolling country stratigraphic evidence for 
the climatic oscillation may be poor. 

The nature of the evidence that the Allerod period had a favour- 
able climate can be gathered by the points quoted by Schutnimpf 
from the Holstein investigations. They are : 

(1) Colonisation of the lake, and sedge-peat formation, 

(2) Increased thawing of dead ice, and the sinking of peat 

above it, 

(3) Recession of the non-tree pollen, 

(4) High values for pine-pollen, together with cones and stomata, 

(5) Decrease and lack of Selaginella spores, and pollen of 

Empetrum and other ericoid plants, all of which are pre- 
sumably shaded out by tree growth, 

(fi) Absence of Betula nana, which is abundant above and below 
and which also needs open conditions. 

Evidence that the climate afterwards worsened is summarised 
by Sohiitrumpf as^ lying in : 

(1) Rise in the non- tree pollen, 

(2) Recurrence of dwarf birch instead of tree birches, 

(3) Rise of the birch pollen-curve at the expense of that of pine, 

(4) Rise of willow pollen to values of 15-20*per cent., 

(6) Return of Selaginella, Empetrum, and the Ericaoe®, 

(6) Return of pollen of the sea-buckthom {Bippophas rhrnn* 
Tioides), 

A sufficiently large number of sites have now been investigated 
for Sohiitrumpf to complete an outline diagram illustrative of 
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vegetation conditions in the Allerod period, and from this and the 
summaries of Firbas, Gross, Gams, and Jessen, it api)ear8 that over 
southern Sweden, Norway, most of Denmark, and Ireland, th6re 
existed a grass-sedge tundra with scattered patches of tree-birches ; 
what Gross speaks of as “ open sub-arctic wood with hypnum-moss 
mire In Holstein and other parts of Northern Germany the 
vegetation was apparently, to begin with, closed woods of tree-birch, 
and later woods of pine ; remains of aspen have also been found. 
In the extreme north-west of Ireland Jessen reports such consistently 
high values of pollen of Empetrum as to suggest the presence of 
ErnpHrum. heath. 

The tundra vegetation of the periods preceding and following 
this mild stage included, besides the grasses and sedges so strongly 
indicated by the pollen -diagrams, very abundant dwarf birch and 
willow, the arctic Dryas, Oxyria, Armeria, Evipetrum, and Sehgi- 
nella. In addition, many unexfx^cted plants are indicated abun- 
dantly by their poUen : these include the genera Artemisia, Rumex, 
Thalictrum, Hippophau ^^nd Helianthemum, Perhaps the least 
expected of these is the Artemisia, These facts have suggested to 
Iversen affinities with central-European alpine vegetation rather 
than with arctic or sub-arctic vegetation of to-day, and he pro- 
poses the introduction of the term “ park tundra ” — for the 
curious open country that spiead over immense regions at the close 
of the glacial age, and with its mixture of grasslands and tree- 
islands provided ideal living conditions for the rich late-glacial 
fauna 

The evidence for fauna here mentioned is now of considerable 
extent. Iversen has related finds of bison {Bison ho^iasiis arbus- 
iotimdrarum and B, b. priscius) to the close of the late-glacial 
period and has shown its immediate disappearance in the following 
forest period. Similarly in Ireland Jessen and Mitchell hi\ve shown 
that remains of the Giant Irish Deer {Cermis megaceros) are very 
closely associated with lake-muds of the AUer 0 d period *but are 
absent from post-glacial layers. With the bison in Denmark were 
other large mammals, the wild horse, elk, and reindeer, and the 
latter animal was abundant also in the Irish late-glacial deposits. 
Mitchell has suggested, with reservations, the possibility that the 
raamimoth may have survived in Ireland at this time. A recent 
discovery of a skeleton of the elk (u4fce« alces) at Neasham, near 
Darlington, appears also to come from late-glacial beds. It seems 
evident that the oi>en tundra conditions favoured these animals 
and th?kt their extinction ooinoided with expansion of the forests. 
As would be expected, suitable sites have yielded evidence of many 
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smaller animals, including some of arctic or “steppe” affinitieB ; 
such are wolf, fox, hare, lynx, lemming, marten, beaver, ground- 
squirrel, mouse-hare, and ptarmigan. 

Nowhere have conditions of the late-glacial period been more 
thoroughly investigated than in the great excavations carried out 
under the direction of Rust at Meiendorf and Stellmoor in Holstein. 
The infilling of an extinct sub-glacial valley discloses the full 
sequence of geological events, and archaeological events ai'e cor- 
related with them by the fortunate chance that prehistoric man so 
consistently chose to live on the bank of the channel that artifacts 
of three separate periods are stratified into the deposits. The 
two oldest series appear to represent the summer camps of reindeer- 
hunters, for not only are the artifacts associated with great numbers 
of the bones and antlers of reindeer, but there are present partly 
worked pieces of this material in such profusion tliat the methods 
of tool construction can easily be recognised. The oldest culture 
is the so-called Hambiirgian already described by Schwantes from 
surface finds, of upper Palaeolithic affinities : this lies in the lowest 
deposits of the channel in the Tundra period of Zone 1. The 
secoiKi culture is the Ahrensburg, which falls approximately within 
the milder period of Zone II, the Allerod proper, and which corre- 
sponds with the previously known “ Lyngby ” culture. Indeed 
numbers of the type artifact, the reindeer antler “ Lyngby axe,” 
were discovered in situ. This dating agrees with that suggested 
by Iversen from his pollen-analysis investigations at the type site 
in Jutland, and to the same period belong the bone point of elk 
bone from Gumbinnen and the bone dagger from Abschruten, lx)th 
placed at this horizon by the East Prussian investigations of Gross. 
It should be noted that the wooded character of the Holstein 
cotintry in the AUerod period is' associated with various wooden 
objects 8i|cb as pine-wood arrowshafts. Finally at the highest 
level in the deposits at Duvensee the Maglemosean culture is 
encountered, a mesolithic culture already familiar in western 
Europe and dated elsewhere, as here, to the Boreal period of the 
first expansion of warmth-demanding forest-trees. This correlation 
between climate, stratigraphy, vegetation, fauna, and prehistoric 
cultures is a remarkable achievement, only matched to a paHial 
extent in other sites. Thus far the British Isles have yielded no 
arohaDological correlations with late-glacial deposits of the character 
we are describing. 

A point of further interest appears to be emerging firom con*- 
tinental studies of the late-glacial period, in the apparent recognition 
of a double character of the AUered warm period, or, perhaps more 
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probably, in an earlier and less pronounced interstadial than that 
now spoken of as the Allerod, This phenomenon was described 
by Iversen from Jutland as the “ Boiling-oscillation ” and by 
Faegri from south-west Norway as the “ Brondmyr-interstadial : 
Gross has describ(3d similar effects from East Prussia. Further 
evidence is needed of this phase, and traces of it should be sought 
in tliis country. 

Within the British Isles our knowledge of late-glacial phe- 
nomena is much further advanced for Ireland than elsewhere, owing 
to the very considerable researches of Professor Knud Jessen, of 
(k)penhagen, and Mr. F. Mitchell, of Dublin, and their colleagues 
on the Irish C/ommittee for Quaternary Research. Dr. Jessen 
published with Dr. Farrington in 1938 the results of their most 
intei'esting late-glacial investigations at Ballybetagh and at Bala- 
ghan, but a much greater volume of Jessen’s results is due for 
publication shortly ; some indication of its wide scoj^ and im- 
portance was given at the recent meeting of the British Ecological 
Society held in London on October 15, 1946, when survival and 
extension of flora and fauna in glacial and post-glacial times were 
discussed in the light of Quaternary historical investigations. 

A point strongly made at this meeting was the need for equating 
the latc-glacial phases, especially the Allerod oscillation, with the 
known glacial geological phenomena of various parts of Britain. 
Farrington has already shown that at Ballybetagh the solifluction 
jwriod of Zone HI corresponds with the Wicklow^ Mountain glacia- 
tion aftor the deposit of the newer drift ; it so far appears that the 
Allerod deposits are absent from Northern Ireland, and the questions 
are raised of how far Zone III corresponds also to the Scottish 
readvance stage, and whether we may not find indications of a 
local Welsh glaciation also at this time. With this is bound up 
the question of the relative movements of land and sea-level 'vv^hich 
so much effect the possibilities both of survival and of immigration 
of fauna and flora. There can be no doubt that here lies an 
extremely promising field of investigation. Situated between Ire- 
land and the north-western continent, the evidence from Great 
Britain will be essential to any integrated concept of late-glacial 
conditions in western Europe and the methods and prbmise of 
collecting it should now be apparent. 
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THE SOURCE OF STELLAR ENERGY 

By W. E. CURTIS, F.B.A.S., F.R.S. 

Profi'iilior of PhyttirH In fhe Unu>eritity of Durham^ Kitig'ii ColUyc, M cwcatitk-upon-Tyne 

Earlier Hypotheses 

The origin of the vast outj)onring of radiant energy from the stars 
has long been one of the m<3st fundamental and challenging problems 
of astroiioniy, or indeed of science, since the existence of life on 
the earth is so completely dependent upon the solar radiation. 
Although it is Indieved tliat this problem is now solved, it is perhaps 
worth while to survey briefly some of the more plausible hypotheses 
previously advanced. In so doing wo may arrive at a clearer 
appreciation of its nature and magnitude and of the difficulties 
involved in its solution. 

It is natural to consider the sun in the first instance, not only 
because of our special interest in its behaviour, but also because of 
our exceptionally detailed know^ledge of its characteristics. Since 
it is not far from the average in size, mass and luminosity, it is likely 
that any general conclusions reached will apply to the majority of 
stars also. Further, If a satisfactory mechanism for the maintenance 
of the sun's radiation is established, we may rea8onaV)ly expect that 
it will only need modification in detail, and not in principle, in order 
to account for associated, although extreme, sttdiar ty|)es such as 
blue giants and red dwarfs. Whilst it may not provide a complete 
explanation of exceptional stellar phenomena such as white dwarfs 
and novae, it is likely to throw valuable light on such problems. 

Tlie total oniiasion of radiation from the sun may be expressekl in 
various ways. In ordinary engineering units it amounts to about 
4 X 10*® kilowatts, or about 6 kw. per sq. cm. (i.e. 52 HP per sq. in.) 
of surface. Since, however, the generation of this radiant energy, 
by whatever mechanism, cannot be confined to the surface, but 
must be distributed through the interior, or some part of it, it is 
better to consider the power emitted per unit volume rather than 
that per unit area. It also leads to a figure of convenient size, 
namely, 1*9 ergs per gram per sec. This may seem somewhat small, 
until it is remembered that, in order to obtain the total emission 
since the formation of the sun, it must be multiplied by the age of 
the sun in seconds (say, 6-3 x 10^®, i.e. 2000 million years), which 
gives 1*2 X 10^’ ergs per gm. Even without anticipating any 
favours still to come, this figure disposes at once of two of the 
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fflmpleat hypotheses which could be advanced. One is that the 
radiation is derived from a store of original heat, but this would 
require either an enormously high initial temperature, of the order 
of 10* ® C., or a very large increase of specific heat with temperature, 
both of which suppositions may readily be shown to be unteijable. 
The other is that chemical combination, i.c. combustion, miglit be 
responsible, but this again is out of the question not only because 
the energy involved is far beyond that literated by any known or 
conceivable obemioal reaction, but also because chemical combination 
could not take place at the temperatures prevailing in even the 
outermost layers of the sun ; even if it could there would be no 
means of disposing of the products of combustion. 

Two other hypotheses, both depending upon the conversion of 
mechanical energy into heat, were put forward about the middle of 
the nineteenth century. Mayer suggested that the solar radiation 
might be maintained by ineteoritic bombardment, but it was found 
that this demanded a concentration of matter in the neighbourhood 
of the sun which was quite incompatible with the unperturbed 
motion of comets in this region. The earth also would sweep up 
meteorites at a rate which would produce a continuous and consider- 
able temperature rise, and the increase of the sun’s mass would be 
inadmissibly rapid (double in about 30 million years). Helmholtz’s 
hypothesis, subsequently developed by Kelvin, attributed the 
generation of heat to the potential energy liberated by the gradual 
contraction of the sun. A decrease in diameter of some 250 feet 
per annum would suffice, and this would only be detectable by 
direct measurement over a period of many thousands of years. 
A serious difiiculty was encountered, however, when the process 
was extrapolated backwards in time to the point at which the sun’s 
diameter equalled that of the present orbit of the earth. This 
would clearly set an upper limit to the age of the earth, and the 
result obtained by Kelvin, namely 20 million years, was much less 
than that demanded by geological evidence, which at that time could 
not accept an estimate of less than 100 million years. Two points 
may be noted here. First, the geological estimate is now known to 
have been very conservative, and has bemi raised, mainly on the 
baeis of the concentration of radio-active products in the earth’s 
crust, to something between two and three thousand million years. 
Second, Kelvin was careful to qualify his conclusion with a reference 
to the poteability of the existence of sources of energy then unknown 
to science. 

There the matter rested for some fifty years, when the discovery 
of radtoaotivity appeared to offer a prospect of escape ficom the 
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dilemma. Radium itself, for example, generates heat at the rate 
of 1-6 X 10* ergs per sec. per gm., but its half-life is only 1600 years 
and it cannot therefore make any appreciable contribution. On 
the other hand, uranium, although possessing a suitable half-life 
(4-4 X 10* years) generates only 1 erg per sec- per gm., so that even 
if the sun consisted entirely of uranium its emission would still be 
only half of that actually observed. There is, in fact, no evidence 
for the presence of uranium in the sun, and it is unlikely that there 
can be much. None of the other radio-active elements fulfils the 
threefold requirement of suitable stability, rate of emission and 
abundance, so that they cannot provide the source we seek. But 
it is significant that the radio-active atomic nuclei are capable of 
generating quantities of heat which are of the right order of magni- 
tude in relation to the mass concerned. Thus, for example, 1 gm. of 
radium in decaying completely would emit about 1'6 x 10^* ergs 
(ef. 1-2 X 10” emitted per gram of sun in 2000 million years). 
According to Einstein’s theory of the equivalence of energy and 
mass (E = me*) this corresponds to only a small fraction (1/6000) 
of the original mass, and we are thus led to the hypothesis that 
stellar radiation may be derived frotoi the transformation of matter 
into energy. The ratio of exchange is so favourable, and the 
resulting loss of mass so small, that there will be no difiiculty in 
aooounting for the immense quantity of energy radiated. The 
problem becomes one of finding a sub-atomic reaction which will 
proceed at such a rate, under the conditions obtaining in stellar 
iiiteri(»u, as to produce the emission actually observed. The 
solution of this problem requires quantitative knowledge of the 
physieal and chemical state of the interior of a star, together with 
emnprehensive data oonoerning all those nuclear reactions which 
could possibly occur in these circumstances. The former we owe 
laorgriy to the theoretical work of Eddington ; the latter to a number 
of experimental workers, of whom Entherford was the first. The 
oomlMnation of the two is due primarily to Bethe. Having regard 
to the differmioe in scale of the two seta of phenomena, and to the 
significance of the results, the achievement must be regarded as 
one of the most striking in the history of science. 

The Iotebnai, CoNSTixtmoE or the Stabs 
^ ® physical quantities determining the ooncBtion of 

the interior of a star are temperature, pressure and demity. In 
order that the surface emission inay be maintaiaed there must be 
an inteaed temperature gradient end therefore a very high tempera- 
ture at the o«atre. The pressure also must, on account of gravita- 
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tion, increase steadily towards the centre up to a veiy high value, 
although it may be to some extent reduced by radiation pressure, 
which has an outward resultant due to the direction of the tempera- 
ture gradient. The density depends upon pressure, temperature 
and composition. It must be greater in the interior than at the 
surface, but cannot be of a different order from the average, which 
is seldom much greater than unity. The question of composition 
is in a sense more physical than chemical, since under the enormous 
pressures obtaining in the central region the atomic electron shells 
are crushed or stripped off, leaving the nuclei bare. A nucleus of 
mass A and charge Z will in these circumstances contribute Z free 
electrons, and the average mass of the separate particles (including 
the nucleus) will be A/(Z -f- 1) atomic units. The extreme range 
of this quantity is only from 0-5, for hydrogen, to 2-6 for uranium, 
so that the question of chemical composition is relatively unimpor- 
tant, especially if, as is commonly the case, there is evidence that 
hydrogen and helium are the main constituents and that considerable 
quantities of lieavy elements cannot be present. 

In the case of the sim, the values accepted at present for the 
central region are a temperature of 20 million degrees C., a pressure 
of 10,000 million atmospheres, and a density of about 80 grams per 
c.c. All of these values decrease rapidly with increasing distance 
from the centre. Valuable additional information bearing on our 
problem can be obtained by taking other stars into consideration, 
and especially those which, together with the sun, make up the 
so-called “main sequence.” It was first found by H. N. BusseU 
that the luminbsities and temperature of the majority of stars for 
which reliable values were available exhibited a marked correlation, 
strongly suggesting that they formed an evolutionary sequence. 
Similar correlations were later found to hold between these quantities 
and mal»es and radii as well. It then became possible to estimate 
on the basis of Eddington’s theory, the central temperatures and the 
average rates of emission of energy per unit mass. The remarkable 
result emerged that over the extreme range of masses, t.e. from 
1/10 to 17 times that of the sun, the central temperature only 
increases by a faotm of about 2, ».e. from 14 to 32 million de(prees, 
whereas the energy emission increases by a factor of some 360,000, 
i.e. from O-Ol to 3600 ergs per gm. per sec. If apower lawis assumed, 
this implies that the emissiont varies as-T^ ®. This result is of course 
only approximate ; omnparison between the hottest stars and the 
sun, for example, leads to T®*, but the exponent can hardly be in < 
error by more than a few units, and we may therefore rule out any 
proposed mechanism of energy production wMoh does not poasess 
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a tempevature coefficient of this order. In fact, no known physical 
processes are capable of satisfying such a requirement except certain 
nuclear reactions, and quantitative application of the criterion 
enables us to eliminate the majority of these immediately. 

Nuclbae Reactions 

The essential pre-requisite for the occurrence of a nuclear reaction 
is a collision of two nuclei with a sufficiently large relative velocity. 
There is no precisely dehnable value of this, as there is, for example, 
in the case of the dissociation of a molecule by the impact of an 
electron. There is in.stead a definite probability of its occurrence 
for any given velocity, which can be expressed as a function of the 
velocity provided that the energy changes involved are known. 
In the case we are considering, and indeed in all naturally occurring 
reactions, except for a few special instances, the velocities depend 
solely upon the temperature, and the probability of a nuclear 
reaction may therefore be expressed as a function of temperature. 
In the case of the heavier nuclei the temperatures required to sustain 
an appreciable reaction rate are far above those calculated by 
Eddington’s theory for stellar interiors. This is due to the relatively 
large electrostatic field associated with a nucleus of high atomic 
number. It is true that neutrons of low vejpcity may induce 
exothermic transformations of heavy nuclei, but there is no known 
means by which neutrons could be produced in the type of star under 
oonsideration. In any case, the heavier elements occur in only small 
proportions in stellar atmospheres, and there is no evidence to 
Ruggest tha.t their concentration is much greater at deeper levels. 

It is natural therefore to examine in the first place reactions 
between light nuclei. A large number of these are known, but the 
conditions which they must satisfy in order to qualify for considera- 
tion are so stringent that the search is a much less arduous under- 
taking than might have been expected. Bethe, in a comprehensive 
examination of air known and certain hypothetical reactions, has 
shewn that only collisions of protons with other nuclei need 
be taken into acoount, and that the majority of these must be 
rtded out because of the rapid consumption of the reactants. That 
is to say, although such reactions may have contributed at lower 
temperatures, the supply would have been exhausted long before 
a temperature of 2 x 10’ degrees had been attained. This applies, 
for examine, to the nudei of Li, Be and B, and it is probably 
aUgnifioaht in this connection that there is a marked deficiency in 
itke abUndanoe of Li, Be and B^ relative to the neighbouring elements 
H, fie, smd C, N, 0, not only in the earth's crust but also in meteorites 
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and in stellar atmospheres. There is evidence, as we shall see later, 
that these elements are oonoemed in the evolution of energy in 
certain classes of stars, but these are much cooler than the sun. 

There is in fact only one type of nucleus, namely hydrogen, the 
concentration of which (f^ 35 per cent.) is sufficient to warrant its 
consideration as a possible solar fuel. The concentration of helium, 
estimated by Schwarzschild at 40 jjer cent., would be sufficient 
were suitable reactions possible, but they are not. The helium 
nucleus, it appears, is as inert in this sense as the heUum atom is 
in the ordinary chemical sense. 

Let us consider first, then, the reaction between two hydrogen 
nuclei, or protons. This results in the formation of a deuteron 
(D, or iH*) and the emission of a positive electron, according to the 
equation iH‘ + «= iH* + e’’’. Bethe and Oritclifield have cal- 

culated that this process would give an energy evolution of about 
2*2 ergs per gm. per sec. in the conditions obtaining at the centre 
of the sun. It would be followed by a proton-deuteron reaction 
resulting in the formation of a He nucleus of mass 3 and the emission 
of radiation, thus : jH* + iH* => jHe* + y. This in turn is suc- 
ceeded by a chain of reactions involving the capture of another 
proton, which leads to the formation of a ncwmal helium nucleus 
,He*. It is found, however, that the total rate of energy generation 
is only increased in consequence by a small fraction, say to about 
2'5 ergs per gm. per sec. This is certainly of the right order and it 
could be maintained for mi adequate time, but it is clearly insufficient 
in view of the fact that the reaction rate falls off rapidly with 
temperature, i.e. as the distance from the centre increases, and the 
average rate for the whole of the sun would therefore fall far below 
the required value of about 2 ergs per gm. per sec. Bethe and 
Critchfield conclude that this process of helium building £n>m 
protons via deuteron formation makes an appreciable but not the 
chief contribution to the maintenance of the sun’s temperature, 
although for less massive and cooler stars it may well be the principal 
source. Moreover, its temperature coefficient ('^T*'*) is so mueh 
below that charactwising the main sequence as a whole ('wT^) 
that it could not possibly be of importance except for the coolest 
stars of the sequence. 

Nevertheless, the formation by some means of helium nuoles 
from protmts appears to be the only process whioh offers any possi- 
bility of a solution of our problem. Since no other bwlding-np 
process but the one described above can ittisrihly oocw, wei ,are 
bound to look for one of an indirect charaoteri involring djl^tegra*' 
tion of heavier nuclei. The difficulty in this is Iffie rrialivel^^ 
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abundance of such nuclei, which would seem to limit seriously the 
duration of any such process, if it involves their continuous destruc- 
tion without replacement. The difficulty could be evaded ; in fact 
could only be evaded if the heavier nuclei concerned in the series 
of reactions were reformed as fast as they were destroyed, that is to 
say if they behaved as catal3r8t8, in the accepted chemical sense. 
TWs reasoning may appear obvious at the present time, but full 
credit must be given to Bethe for its successful application to the 
discovery of a chain reaction of this type which fulfils all the 
necessary conditions. 

The nucleus which plays the part of catalyst is After four 

successive reactions with protons, involving the formation of various 
carbon, nitrogen and oxygen nuclei, a helium nucleus and a ,C** 
nucleus are produced. The process is thus cyclic and can be repeated 
indefinitely so long as an adequate supply of protons is available, 
and other conditions remain favourable. The reactions are as follows: 

+ ,C'» - ,N« -I- y; ,N»» - + e+ 

iH' -t- ,C»» - + y 

iH* -I- - gO‘» + y ; ,0“ - -|- e+ 

,H» -t- 7N“ - ,C»* -f- »He* 

The results of the proton collisions are shown on the left. The 
two equations on the right represent the spontaneous disintegration 
of the unstable isotopes of nitrogen and oxygen, N‘* and O’*. The 
succession of reactions may perhaps be envisaged more clearly by 


setting them out as below. 

^ 

2*5 X 10* years 


10 minutes 


iH> ,G’> 

5 X 10^ years 


4 X 10* years 

. 0 ’» 

2' minutes 


-*■ ,N‘» 

20 years 

■ — 
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The colliding protons are indicated on the left, the vertical 
dotted lines represent the nuclear transformations, and the accom- 
panying products, y radiation ( ~ or positive electrons (e"*") 

are shown on the right. The last reaction, whereby C** and He* 
are formed, may be regarded as a fission of the unstable nucleus 
resulting from the collision of a proton wdth an N*® nucleus. The 
alternative reaction jH* - 4 - 7N*® — *0** is possible, but its relative 
probability is too small {<] 1 in 10*) to affect the issue. 

The times given on the right are the average intervals between 
reactions involving a given nucleus under the conditions assumed 
for the centre of the sun. They are approximate estimates, except 
for those characteristic of the two spontaneous disintegration 
processes, which have been determined experimentally. It is seen 
that the complete cycle occupies about 6]| million years. This is 
small compared with the age of the sun, and we may therefore 
assume that statistical equilibrium has been established between all 
the nuclei taking part in the cycle of reactions. Accordingly, their 
concentrations should be proportional to their mean lifetimes. 
There is no reliable means of estimating those concentrations in the 
sun, so that no direct check is possible, but it is at least of interest 
to compare them with the corresponding values for the earth’s 
crust. If this is a fair sample of the earth as a whole, which is 
probable, and if the latter is a fair sample of the sun as a whole, 
which is problematical but not unlikely, we should find some agree- 
ment. It turns out that there is good agreement for the C‘* : N** 
and for the C** : C® ratios, but not for N** : N*®. The lifetimes 
stated lead to a ratio of about 10® : 1, whereas the terrestrial value 
is of the order of 600 : 1. This is a serious discrepancy, but the 
estimated lifetimes are rather uncertain in this case and judgment 
as to its significance should be reserved until better experimental 
data become available. 

In order to estimate the energy liberated per cycle it is not 
necessary to consider each reaction separately since the nett result 
is the formation of a helium nucleus from four protons. The total 
mass of the latter exceeds that of the former by 0 029 atomic units, 
or 4-8 X 10”“ gm. We may calculate the energy resulting from 
the disappearance of this uiass by the Einstein mass-energy equiva- 
lence relation, E thus obtaining the value x 10~* eyg. 

It is much more difficult to estimate the total rate of liberation of 
enOrgy throughout the whole volume of the sun. For this purpose 
we require to know the temperature and density distribution, and 
the concentrations of the nuclei taking part in the cycle. The 
latter are the chief source of uncertainty, since it is not possible to 
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eBtimste their abundance reliably even in the outer layers of the 
sun, owing to the unfavoiu’able location of their chief spectrum lines. 
All tiiat can be said is that plausible assumptions regarding con- 
centrations lead to values of the right order (t.e. ~ 2 ergs per gm. 
per sec.). Decisive evidence in support of the theory is forthcoming, 
however, from two other directions. 

In the first place, no other conceivable reaction gives a result 
of the right order. That involving the next lighter element, boron, 
would give an energy production at least’ 10,000 times too great, 
whereas for the next heavier nucleus, oxygen, the rate is some 
100,000 times too small. The discrepancy would be still larger for 
any other reactions, and the carbon cycle is therefore the only 
possible choice. 

Secondly, more positive support is derived from calculations of 
the temperature coefficient of the carbon cycle, which is found to 
be of the order of T*’, in eioellent agreement with that deduced 
from the observational data for the main stellar sequence. As has 
been previously mentioned, the temperature coefficient of the 
proton-proton set of reactions is only about T*’*, and as energy 
considerations rule out any other reactions we may consider the 
case for the carbon cycle to be conclusively established. It is 
probable that the proton-proton reactions are predominant for 
main-sequence stars cooler than the sun, and in the sun itself they 
may contribute as much as the carbon cycle, but it is oeytain that 
for the hotter stars the latter provides the main source of energy. 
Moreover, it has been shown that the chief characteristics of the 
main sequence, expressed as relations between mass, radius and 
luminosity, are also explicable on this basis. It remains to be 
seen whether the existence of other stellar types can be accounted 
for in terms of other nuclear reactions, and whether the processes 

stellar evolution can be interpreted on the basis of nuclear 
reactions in general. 

The Red Qiani« and Stellar Evolution 

These stars do not conform to the mhss-radius-luminosity 
relationships , characteristic of the main sequence. Although there 
is nothing abnormal abomt their masses and luminosities, their 
rai^ are extremely huge and their suifrkce temperatures unusually 
loE'', whence of course the tendency to redness. When plotted on 
a radius-luminosity diagram they cover a considerable range without 
e;diibiting any very obvious regularities, except for oertain of them 
which show periodic duotuations c^ luminosity. These fall reughly 
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along the boundary of the region occupied by the red giants, and 
occur in three fairly well-defined groups. In each of these the 
periods are found to be of the same order, either about a day, 
a fortnight, or a year. They are known respectively as short-period, 
Cephmd and Mira variables, and all owe their light-variability to 
a periodic variation of radius, or pulsation as it is commonly termed. 
Some form of instability is evidently responsible, but the cause of 
this, and of the well-marked grouping according to periods, have 
hitherto defied all attempts at explanation. 

The fact that the temperatures, central as well as surface, of 
these stars, are considerably lower than for the sun, suggests that 
they may draw their energy supplies from nuclear reactions which 
can be maintained at lower temperatures than that which is 
neceasary for the carbon cycle. There are only six such reactions 
which need be considered ; they arise from the interaction of 
protons with deuterium (iH*), lithium (jLi* and sLi’), beryllium 
(466*) and boron (gB^® and gB”). They fall into three distinct 
dasses, according to the temperatures required to maintain them 
at a sufficient intensity, as follows : 


(1) + ,H* = ,He* 

(2) ,H> -f ,Li* » gHe« + ,Ho* 

4 ,Li’ = 4- ,He« 

,H» -1- .Be* = ,Li» 


+ gB“ - ,Ho‘ + ,He* i ,He« 
(3) ,H‘ 4- ,B« = ,C« 


leas than 1 million degrees. 
(■2-6 million degrees, 
about 10 million degrees. 


It is a tempting hypothesis, and Gamow has shown that it is a very 
plausible one, to associate these three temperature groups with the 
three groups of variable stars. There is little ffireot evidence, 
admittedly, but it is possible in this way to account very simply 
not (mly for the existence of three groups but also for the gaps 
separating them and for the phenomenon of variability. The 
explanation is dependent upon the fact that all the above reactions, 
unlike the carbon cycle, involve continuous consumption of nuclear 
“ fuel ” (other than protons) and therefore its ultimate exhaustion. 
When this occurs the central temperature will at first fall, but will 
then be tamed again by gravitational oiergy released by contraction , 
and this will continue until tlm teffipersture bAS risen suffidently 
to start offi the next reaction. The transition from one group to 
the next, during which gravitation supplim the energy, can be 
shown to be comparatively rcqald, which implies that relatively few 
stars will be found in this condition at any dffie, tl^ 

toootndiing satisfootcH^^^ for the gaps. Tito pulsatiom^^ w 
rise to the variability may reasonably be attributed to temp^ 
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instability associated with the passage from the thermo-nuclear to 
the gravitational type of energy production. So long as one or the 
other is predominant, as is usually the case, the star is stable, but 
if they tun of the same order of magnitude it is quite likely that 
a periodic alternation between the two may occur. 

Returning now to the sun, we may enquire what the thermo- 
nuclear theory can predict as to its future. In the first place, since 
only protons are being consumed and the hydrogen content of the 
sun is approximately known, we can estimate its expectation of 
life at the present rate of consumption. This exceeds 10’® years, 
which is well above its probably present age. But as Gamow has 
shown, the temperature, and therefore the rate of consumption of 
protons, is likely to increase by reason of the accumulation of helium 
formed by the carbon cycle of reactions, since this is less transparent 
to radiation than the hydrogen which it replaces. He estimates 
that the solar radiation may be expected to increase one hundredfold 
by the time the hydrogen is on the point of being exhausted, i.e. in 
about 10’® years, after which the luminosity will fall off rapidly as 
contraction proceeds. 

Conclusion 

The theory outlined above has clearly opened a new chapter in 
astrophysics, and is certain to lead to further advances of the most 
far-reaching character. Apart from its detailed application and 
development in connection with the study of stars as they are, we 
may hope with its aid to probe the past and predict the future of 
the universe with much more confidence than has hitherto been 
possible. It may well provide also the answer to the ‘question of 
how the chemical elements themselves came into existence. 

Mnafiy, it may be of interest to remark on the connection 
between this work and that which has recently led to the release 
of nuclear energy by artificial disintegration of the heaviest elements. 
The former is concerned mainly with the building up of a light 
nuoleus (He) from still lighter ones (H) by a natural agency, the latter 
with the breaking down of a heavy nucleus (U, etc.) by an agenoy- 
neutron bombardment — which cannot, so far as we know, occur in 
nature. But both the natural (creative) process and the artificial 
(destructive) process are fundamentally dependent upon the 
transfonnation of nuclear mass into radiation energy, and President 
Truman was therefore justifi^ in proclaiming (August 6, 1946), that 
“ The force from which the sun draws its power has been loosed 
agg jpH t those who brought war to the Far East." * 
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THE ASSOCIATION OF BASIC “FRONTS” 
WITH GRANITISATION 

By DORIS L. REYNOLDS, D.Sc., F.G.S. 

Uommfy lUfmamh Ftikw of the Unipersity of Edinburgh ^ Qtant JnMUute of (kotogy 

OUB present knowledge of the changes that have taken place in 
the folded belts or orogenic zones of the earth’s crust, as a result of 
granitisation, is firmly rooted in Sederholm’s meticulous work on 
the Pre-Cambrian rocks of Finland. Every student of granitisation 
wiU be everlastingly grateful for the magnificently illustrated series 
of Memoirs in which his Pbservations and deductions are recorded ; 
knowledge advances and interpretations change, yet though twenty 
years attd more have elapsed since their publication, S^erholm’s 
recorded observations of the phenomena of granitisation remain not 
only unsurpassed but unrivalled. 

The oldest rooks of the Svecofennian belt of southern Finland 
— ^the leptites — are usually so much altered that their origin is 
obscure. They are commonly interpreted as bedded tuffs and 
lavas', varying from rhyolitic to andesitic in composition, but some 
portions, including intercalated layers of limestone and quartzite, 
are regarded as being of sedimentary origin. Sederholm traces the 
gradual transformation, by progressive granitisation, of the leptites 
to a grey gneissio granite, the “ Older Granite,” through a series of 
foterme^ate stages of mixed rooks, for the designation of which he 
introduced the term “ migmatite.” Subsequent to the evolution of 
the grey gneissio granite a swarm of typical basaltic fissure-dykes 
was emplaced, some of the members of which out oblique^ across 
the foliation of their host rock. This dyke swarm is comparable 
with those of Tertiary age in Britain. 

Afberthe emplacement of the basaltic dykes within both leptites 
and grey gneissio granite, a second period of granitisation ensued, 
and fiarts of both the grey gneissio granite and the remaining leptites 
tseie transformed in mtu to the red Hangd granite with its attendant 
migmath^s. Within the HangO granite the earlier basaltic dykes 
itill remain ; sometimes ihtaot, with their original chilled margins 
{heservcid ; sometimes veined by the newer Hangd granite within 
which they are now found ; and sometimes reduced to a swarm 
of angular relics in process of dissolution within the Hangd granite. 
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Individual dykes can be traced from the leptite and grey gneissio 
granite into the Hangd granite, within which they become increas- 
ingly fragmentary (Sederholm, 1926, Plate IX), and finally disappear. 

The transformation of leptite into grey gneissic granite, and of 
the latter, together with its added swarm of basic dykes, into Hango 
granite was naturally not accomplished without chemical changes. 
In each instance the change included addition of alkali, and decrease 
of other constituents, and, since some of the rocks transformed to 
Hango granite were originally of andesitic and basaltic composition, 
the amount of material transferred must indeed have been large. 
Sederholm attributed these changes to the agency of granitic ichor, 
which he envisaged as a granitic juice “ showing gradations between 
an aqueous solution and a very diluted magma,” or as ‘‘ a magma 
containing much water in a gaseous state.” The astounding thing, 
however, is that each particular granite conforms to a recognisable 
chemical type, and maintains its composition even where largo 
masses of basic rock have disappeared from within it. The amaeing 
homogeneity of the Hangd granite led Sederholm to deduce that in 
its formation “ assimilation ” of a diversified assemblage of country 
rocks by ichor must have been followed by some form of differentia- 
tion. . Although he left unsolved the problem as to the method 
whereby this differentiation, involving the displacement and removal 
of cafemic* materials, might have been achieved, he nevertheless 
threw out a significant si^ggestion as to wh^ the solution might 
be sought when he wrote : “ The basic rooks dissolved in the granite 
seem to disappear as by magic, perhaps escaping together with the 
volatile or fluid oonstituents. Only in rare oases phenomena are 
observed that seem to give an in^cation of what has happened. 
So the ‘ basic halos ’ around fragments in the Ohn&ss granite tell 
of a diffusion extending to a certain limit. In greater fragments in 
the same granite the fsmio constituents have been concentrated in 
certain parts, which have even received an ultrabasic composition.” 

Continued field work, both in Fennosoaiidia and in Gmenland, 
finally yielded the clue as to the destiny of the oafemio oanst)itnents 
disiHeo^ during migmatisation. Both leptites and sedijtneuatary 
rooks in the periphwal zones of migmatite regions were found to be 
emaohed in mafiof minerals such as oordierjto, gaimt and hiptite. 
Wegmann (1936) correlated this Fe-Mg enridiment with the kW of 
Fe and Mg from the rocks overoome by migmatisation, and tfor this 
zone of enriohment in oafemio oonstituents he coined, the terni 
” front.” Thus the view originated dhet the development nod 

' *Oafemio: a term for an assemblage «(fOa, Fa and |%. 
tMsflo j a term applied to minewjs^^.^^^ Ps* ; 
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upward progress of migmatites in orogpnio belts is aooompanied by 
a frontal zone of Fe-Mg enrichment. Such a correlation naturally 
oast doubt on the concept of “ granitic ichor ” as the postulated 
active agent in such transformations, and it became fashionable, 
in the absence of exact knowledge of the processes involved, to 
write the word “ ichor ” between inverted commas, or to substitute 
for it “ molecular migration,” or the noncommittal term ‘‘ emana- 
tion.” Wegmann believed the transformations concerned, which 
are far too intimat^y interwoven in the bodies of the rocks to be 
explained as a resblt of injection, to have been accomplished as 
a result of migrations of matericd through an intergranular Aim. 
As small-seal^ examples of complementary granitic and basic zones, 
resulting froijrsftch migrations, he drew attention to the biotite-rich 
selvedges thJk rim the granitic veins and pod-shaped bodies in 
migmatite regions. 

It is not only the leptites, and pelitio* and semi-pelitic sediments, 
however, that experience enrichments in Fe and Mg as the frontal 
zone of migmatisation advances. At approximately the saq^ time 
as Wegmaum observed the basifioation of these rooks in the forefront 
cS migmatisation, Baoklund was studying the successive changes 
suffered by limestones (1036 a), and by basaltic rocks and their 
tuffs (19366), under similar circumstances. He found that the 
migmatisation of limestones commences with the fixation of con- 
stituents including Fe, Mg and Si, with concomitant displacement 
of Oa and GO|. In consequence the limestones gradually become 
converted to amphibolites, and only subsequently do the latter 
become granitised. Similarly he traced the basaltic rocks and their 
tuffs through the following progressive series of transformations ; 
basalt— ► uralite-porphyrite — > greenstone— ► amphibolite — v gamet- 
amphibolite, and oorrdated the respective chemical and mineralogi- 
cal changes with miooessive stages of the advance of the migmatite 
” front.” The further development of eclogite-amphiholite from 
gameEt-ampfaibolite he found to depend on the additional. fr.otor of 
eoltreme djmamic pressure.; eelogite itself developing as the final 
stage of ’alteration under’ extreme oonditiohs of both dynamic 
presaoire'and high temperature. Subsequently amphibolite, eclqgite- 
anqihibolite and eologite, as the case may be, may become granitised, 
the disidaoed oafemic constituents being once again driven out tO 
tibe new frontal zone of ndgmatisatikm. These observatifms of 
Bacldand and Wegmaan apply not only to the Pre-Oambrian 
<^genic beltt of Fenhdsoandia., but also to the granitisation 
' * BeUtio rooks are those initial sodimentaiy origin rioh in 
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associated with the Caledonian orogeny in .Greenland and in 
Scandinavia. 

Beoently (1943, 1946a) Backlund has made a collected and cor- 
related story of the sequence and interdependence of the progressive 
changes undergone by the Pre-Cambrian rocks of Fennosoandia 
through the successive orogenic cycles. He shows that the leptites 
can only be satisfactorily interpreted as alteration products of 
psammitic* and politic sedimentary rocks. This conclusion is based 
on (a) their field associations — ^they contain intercalated layers of 
limestone and quartzite ; (6) their chemical composition — ^they are 
not only abnormally rich in SiOj as compared with acid volcanic 
rocks, but also abnormally rich in Al,Os ; (c) their mineral com- 
position and microscope textures ; and (d) their development in at 
least three of the four Pre-Cambrian orogenic belts of Pemioscandia. 
As seen in their leptitic guise, however, the original sediments are 
now so much altered as to have a superficial resemblance to altered 
acid volcanic rocks. From this initial stage of alteration — leptitisa- 
tion — ^l^klund traces the Pre-Cambrian sediments through suo- 
oessive cycles of more intense granitisation, during which first, the 
“ Older Granite ” and subsequently the younger granites were 
evedved. He shows from the chemical compositions of the rocks 
concerned that each granitisation Involved displacement of Fe, 
Mg and Ca from the granitised material, and conoentaration of 
K within it. With this progressive removal of cafemic constituents 
Backlund correlates the transformations of limestones and basaltic 
rocks alike to amphibolites, and the successive stages of enrichment 
of pre-existing sedimentary iron-ore deposits and skams.f The 
processes of diffusion, dependent on successive replacements with 
complementary displacements and migrations, he regards as ionic 
migrations facilitate by the presence and development of imperfec- 
tions of the crystal meshes (c/. K. Lonsdale, Soibingb PBOGSuaiss, 
1947, 35 , 1). , 

Such. correlated changes of granitisation and basifioation are, 
however, by no means confined to the Pre^Cambrian of Fennosoandia. 
Not only do the rook associations in other Pre-Cambrian terrains 
reveal that similar processes have been at work, but the similarity 
between the rock associations m orogenic belts of all ages indicates 
that such processes are oharaoteristio of every cwogeny. Beferenco 
may be made to the association of granite and gramte-gneiss with 

* Psammitio rocks those initially of sediment^ origin, rich in 

t SkftPn: an old Swedish term meaning wrooltage. It is api^ied to 
mineral a^^regates, ridi in Fe and Mg, developed by leoonstrootioh of 
pve-existing rook. < 
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schists enriched in Fe, Mg, Ca and Na in the Archaean of India. 
Dunn (1942) correlated this enrichment with losses from zones of 
.granitisation, and introduced the term “ diabroohite ” to describe 
the basifiod and folspathised schists which form the compleraeintH 
of migmatites. Again, in the Haliburton-Banoroft area of Canada, 
granites and gneissio granites are associated with amphibolites, the 
latter having been shown by Adams (1909) to be derived both from 
limestone iind basaltic rocks ; chemical analyses indicate that the 
conversion of limestone to amphibolite involved introductions 
including ¥tS and Mg. 

Turning to bur own country, it is clear that recognition of these 
complementary processes of granitisation and basification will have 
a useful application in the deciphering of the rock associations within 
each of the British orogenic belts. A glance at the beautiful photo- 
graphs (Plates VI-XIV) illustrating the North-West Highland 
Memoir reveals striking similarities between the Lewisian rocks 
of the North-West Highlands and those of the Pre-Cambrian of 
Fennoscandia. Within the Lewisian there is a highly suggestive 
association of contrasted rock types ; rocks such as amphibolite, 
gamet-amphibolite, homblendite and pyroxenite occurring as bands 
and fragmentary inclusions within leucocratic gneiss, against which 
they may either exhibit sharp boundaries or show gradational 
contacts suggestive of their dissolution within the gneiss. Similar 
relationships between the basic and acid components of the Pre- 
Cambrian gneiss of the Mona Complex, Anglesey, have been 
described by Greenly ; and, moreover, within the basic relics, narrow 
ultrabasio selvedges around p<^matite veins and pods (Greenly, 
1928, Figs. 4, 6 and 6) provide small-scale evidences of diffusion of 
Fe'and Mg. 

Turning to the rocks of younger orogenic belts in Britain : the 
obmplementary processes of granitisation and basification may 
explain the association of granulites, migmatites, amphibdites and 
basio hybrids in Sutherland. Much research has already been 
aooomplished on the Highland migmatites (Home and Greenly 
1896 ; Bead, 1931; Cheng, 1944), but only now is an attempt 
being made to separate the epochs of migration, and- to trace the 
destiny 6f the oafemic constituents displaced during raigmatisation 
(work in progress by H. Y. Ma). The idea that migmatites are to 
be explained by the injection of granitic or trondhjemitic “ juice ” 
has bten hold so stron^^ in Britain that the prescient suggestion, 
made as far back as 1903 by Greenly, relating the phenomena of 
granitisation in Sutherland to a process of solid diffusion, passed 
uanotioed, and a logical intorpretarion of the basio oomponents of 
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the complexes was thus postponed for nearly half a century. Yet 
small-scale phenomena indicative of solid diffusion — ^the margining 
of granitic veins by biotite-rioh selvt^dges— -have more than once ^ 
been recorded (Read, 1931). 

The application of these modem conceptions of granitisation to 
the interpretation of the rook associations of the Grampian Highlands 
also remains to be tested by detaile<l chemical work. The aureoles, 
characterised by staurolite, kyanite, almandine and biotite, which 
surround the migmatites (“ Older Granites ”) of Aberdeenshire and 
Perthshire, may well be diabrochites developed in advance of the 
zone of migmatite formation. Indeed, some evidence that such is 
the case can be foimd in the observations (a) that the Loch Tay 
Limestone, and its eastern equivalent the Deeside Limestone, show 
distinct chemical change, as judged by their mineralogy, when 
traced from west to east, and (6) that the epidiorites show a marked 
increase in Fe relative to Mg (Wiseman, 1934) as they are traced 
from the biotite to the garnet zone. Further, it has already been 
demonstrated that the albite-sohists of Antrim and the South-Western 
Highlands, and the biotite-rich schists with which they are associ- 
ated, are chemically unlike any known sedimentary or igneous 
rooks. These rocks are located at the nose of the recumbent Carriok 
Castle fold, and the biotite-rich schists represent the advance 
of a K-Fe-Mg-Al front which moved ahead of a Na-Si front, 
now represented by the albite-sohists, in the direction of the axial 
plane of the fold (D. L. Reynolds. 1942). Both of the rook types 
represent an advance-guard of ionic migrations moving ahead of 
a zone of migmatites which, together with the axial plane of the 
main body of the fold, has since been removed by denudation from 
the South-Western Highlands, though the migmatite zone is still 
exposed in the. “ Older Granite ” of Perthshire and Aberdeenshire. 

Reference should also be made to the Heroynian orogenic belt 
of souHi- western England. Many of the Cornish greenstones— 
amphibolites — are chemically unlike either untdtered basic igneous 
or sedimentary rocks. Their abnormally high content of iron 
o:ddie8, amounting* in some examples, to as much as 25 percent;, 
probably bears witness to the advance of the Fe front into this 
marginal zone of Heroynian folding (D. L. Reynolds, 1947). 

In many recent papers and reviews there has been a tendenoy 
to confuse granitisation with the effects of supposed injections erf 
l^anite magma, dii^ised tmder the name juice pr ichor. It is, 
therefore, necessary to i>ke fact that gremitisation depends, 
not on the bodily introduction of magma, juice or ichor, to op 
a oomplex series of ionic migrationB, with balanced additions and 
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subtractions, BO that as the rooks undergoing granitisation approach 
the composition of granite, others receive additions including Fe 
and Mg, and beoome more basic. The recognition of these processes 
opens up wide fields for petrological research on rooks of all types, 
and of all agoe, in the British Isles. Even the cementation of sand- 
stones, and many other still obscure effects of diagenesis,* may be 
high-level expressions of the final stages of the activity initiated far 
below by ionic migrations. 

Something further should perhaps be added in explanation of 
the use of the term front. Just as the conception of a military front 
changed between the two world wars, so the geochemical meaning of 
front has been expanded as knowledge of the details of the advance 
of granitisation has widened. A front occurs wherever there is 
a diffusion limit marked by a change in the mineral assemblage. 
Thus inclusions of country rooks within the granite represent isolated 
strongholds inside country otherwise already occupied. On the 
other Ixand, granitic pods develo[)ed within the country rooks beyond 
the main line of advance of granitisation correspond to territory 
held by paratroops. Around the isolated strongholds of resistance, 
beyond the main zone of frontal attack, and between the paratroops 
and the opposing forces, fronts occur. Similarly, relics within the 
granite, the zone of country rock margining the main region of 
granitisation, and the ooimtry rocks encasing the granite pods, 
beoome subjected to the advance of an Fe-Mg front, and may 
finally either be by-passed by the “ invading ” granite, or become 
more or less granitised. Fe-Mg fronts are particularly strongly 
developed within the rocks that were initially relatively basic, and, 
in consequmce, these rooks commonly remain as hi^y basic or 
ultrabasio relks within granite. 

The interdependence of processes of granitisation and basifioation, 
the recognition of wlxich was based primarily on field observations, 
haa recently received strong gk>chemioal support from a i^tistical 
^udy by Lapadu-Hargues (1945) of the ohemicefi compositions of 
tiooka of varying regional metamorphic grade. Irrespective of the 
age of the rooke concerned, he has coUeoted together the chemical 
analyaea of the fdUowing groups of rocks : shales and phyllites ; 
low-grade schists characterised by chlorite and sericite; biotite- 
inoBOOvite-schists ; gneiss with two micas and felspathised varieties 
of ipiea-eohist ; granite-gneiss ; granite and muscovite-biotite- 
granite. X<apadu-Hargnea finds that the distribution of chemical 
elements throughout these groups of rooks can be oorrelated with 

^^Diagenesis ; a term denoting the dianges that bring about the oon- 
«Qlid#ion and oem^tatloQ of sedinMatary rooks. 
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the metamorphic grade. Thus Fe and Mg are concentrated in the 
frontal zone of regional raetaraorphisin, within the first four groups 
of rooks named above. Total alkalis, relative to alumina, increase 
progressively from the low to the high grade rocks ; Na increases 
relative to K in the four lower grade groups of rooks, K being con- 
centrated in the granitoid gneisses, granites and rauscovite-biotite- 
granites. Ca increases steadily as the metamorphic grade increases, 
reaching its maximum concentration in the granites. Lapadu- 
Hargues correlates this distribution of the elements, which is 
evidently dependent on their relative mobilities, with their mspeotive 
ionic radii, the smaller ions having migrated the farthest. He finds 
the order of increasing mobility to be : K, Ca, Na, Mg, Fe. 

So far the discu-ssion has been restricterl to the syntectonio 
phase of “ igneous ” activity. The association of basic fronts with 
granitisation is, however, equally characteristic of the post-tectonic 
granite bodies ; granite stocks being commonly rimmed by an 
aureole of enrichment in femic or caforaic minerals. Where the 
granite is emplaced in politic sediments, the aureole is commonly 
enriched in biotite, or in biotite and cordierite, which, in extreme 
cases, may form more than 60 per cent, of the rock. Where the 
country rook includes basic igneous types the aureole is even more 
markedly enriched in basic components, and is then characterised 
by pyroxenes or amphiboles. Thus, in contact with the granites 
of north-eastern Minnesota, the Ely Greenstone is converted to 
highly basic amphibolite containing iq) to 96 per cent, of amphibole ; 
the andesites witliin which the Copper Mountain stock, British 
Columbia, is emplaced are markedly' enriched in both augite and 
biotite ; and the Moine granulites (associated with homblendic rooks) 
surrounding the Cnoo nan Cuilean syenite, Sutherland, are enrichdd 
in both sBgirine-augite and hornblende. Where limestone forms the 
country rock to post-tectonic granitic intrusions it is commonly 
converted to amphibolite or to skarn with which ore deposite may 
be associated. An extreme example of enrichment of rocks of 
diversified origin in Fe and Mg is found in the aureole surrounding 
the Orijftrvi granite, Finland, where leptites have been converted 
to oordierite-anthophyllite rocks, amphibolites to oummingtonlte* 
amphibolites, and limestones to tremoUte skam. 

In order to explain the aureole of Fe^Mg enrichment around 
granite stocks, it has to be eussumed either (a) that ooasiderklde 
proportions of Fe and Mg remain in the residual solutfons of granite 
magma, which is contrary to experimental evidence ; or Hiat 
gaseous or volatile compounds of Fe and Mg are given Off from 
granite magma, i.e. that the process is one of pneumatol^sis ; or 
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(c) that the aureole of Fe and Mg enrichment is a basic front, to be 
explained by the fixation of material that migrated from a central 
locus, now occupied by granite, at the time the granite was 
emplaced ; the granite iteelf representing, not a crystallisation 
product of magma, but the granitisation product of the country 
rooks within which it occurs. Small-scale evidences that (c) is the 
correct interpretation have already been found. A sedimentary 
raft, within the granite of the Newry complex, contains pod-like 
bodies of granite, each rimmed by a narrow zone in which the 
enclosing sediment is conspicuously enriched in mafic minerals. 
The granite pods, which measure up to 2 or 3 feet across, show 
sharply cross-cutting relationships to the sedimentary bedding, so 
that it is clear that portions of the sediments, now represented by 
granite, have disappeared. Since it is impossible that such enclosed 
bodies of sediment can have been mechanically removed, it is evident 
that the sediment has been transformed to granite. By comparison 
of chemical analyses of the sedimentary bands, and of the granite 
of the pods along the same line of strike, it has been demonstrated 
that all that was required to convert the sediments to the particular 
granites of the pods was a small addition of Na, Ca and Si, balanced 
by loss of Al, Mg, Fe, K, H, Ti, P and Mn. Furthermore, the 
chemical analysis of the rock of one of the rims demonstrates that, 
in its formation, the material added to the sedimentary rock is 
qualitatively similar to that lost from the granitised pods (D. L. 
^ynolds, 1943). The only tenable interpretation of these granite 
pods and their complementary basic rims is that they originated by 
a process of solid diffusion involving ionic migration. Granite stocks 
and their basified aiireoles are then naturally to be regarded as 
large-scale expressions of the operation of similar processes. 

Further, many of the granite stocks belonging to the post-tectonic 
phase of activity are capped by basic and ultrabasic rooks. These 
rooks charaoteristioally exhibit metamorphic textures, together with 
a clouding of their more lime-rich plsigioolaaes with iron-ore dust. 
These textures have, in the past, been interpreted as evidencing 
therinal alteration of the rocks conoemed ; the “ magma ” of 
f^ granite emplaced beneath being regarded as the source of heat. 
That this cannot be the explanation of the orystalloblastic textures 
is evidenced by the fact that whereas such textures are strongly 
developed towards the sediments, they disappear, the tefxtures 
becoming mme normally “ igneous ” in aspect, as the granite is 
approached. Moreover, the basic rcmf rooks commonly show every 
gradaticm to the acid types. Fmrther, the supposition that the rooks 
c€ these stocks were emplaced as magmas disregards the space 
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problem. If it is conceivable that granite magma may have stoped 
its way into its present position, the displaced blocks of earlier 
emplaced rocks sinking down through the liquid, it is certainly not 
conceivable that magmas of the more basic varieties could have 
stoped their way into position. Such magmas would have a higher 
specifio gravity than most of the country rocks that would have to 
sink through them. Yet many of these highly basic rocks are 
characterised by inclusions of sediments having a lower specific 
gravity than the enclosing rocks ; such inclusions can be interpreted 
only as relics of the material that was basified. 

Detailed field, microscopic and chemical study of the Caledonian 
post- tectonic batholith of the N.ewry area (D. L. Reynolds, 1934, 
1936, 1944, 1946) have furnished evidence that the layered basic 
and ultrabasic roof-rocks represent an Fe-Mg-Ca front proceeding 
in advianoe of one of granitisation. A progressive molecular desilica- 
tion (relative to the molecular proportion of the bases present) of 
an assemblage of pelitic and semi-pelitic sediments is seen in the 
gradational passage : sediment — ► mobilised sediment — ► syenite — ► 
monzonite — ► shonkinitic monzonite —*> biotite-pyroxenite. The 
desilioation change from sediment to syenite is pr^ominantly one 
of enrichment in alkalis, whilst the further desilioation change from 
syenite through monzonitic types to biotite-pyroxenite is essentiaUy 
one of enrichment in Fe, Mg and Ca. All these rocks exhibit 
crystaUoblastic textures indicative of a metamorphic origin. From 
the biotite-pyroxenite there is still further gradation through 
garronite to hypersthene-monzonite, the two latter rocks being 
chemically intermediate between biotite-pyroxenite and the adjacent 
granite (granodiorite). The latter gradational series exhibits more 
normal igneous textures than the former, and represents a granitisa- 
tion change. Thus, in the Newiy area, as a post-tectonic granite 
body was emplaced it was preceded by a zone of molecular desiUoa- 
tion of the country rook sediments (the basic front) composed of 
mi outer aureqle of enrichment in alkalis, and an inner one of 
enrichment in Fe, Mg and Ca. Fe, Mg and Ca, ftigitive from, and 
jftxed ahead of, the centre of granitisation, themselves disjdaoed 
alkalis, the fixation of which in a frontal zone gave rise to the syettite^ 

For the development of such baaic roof-caps great quantitiee of 
Fe and Mg must be mobfiised, and in this connection a recent dis* 
ournion of Baoklund’s (1646b) is pertinent. Baxddundifrawe attention 
to the fact that;the mean composition of a sedimentai^ pfie of 
shales, sandstones and limestones is deficient in Fe, Mg dnd Na as • 
eompmed with the mean oottiposition of the “ igneous ” rock soitM 
evolved therefrom. This is partioalaa-ly the case when the basic 
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components (basic fronts) are of considerable volume, and when 
the acid component is granodiorite rather than granite. Baoklund 
regards geosynclinal basaltic rooks (including ophiolites), emplaced 
within the sedimentary pile, as supplementary sources of Fe and 
Mg. He outlines the role of the basaltic rocks as follows. After 
an initial amphibolitisation of the basaltic rocks, as described 
above, a subsequent granitisation will give rise to a new basic front 
of greater magnitude and diversity. Given appropriate temperature 
conditions, with not too steep a gradient, the displacement and 
migration of basic constituents from the already basified basaltic 
rooks, and their differential fixation within the. diversified sedi- 
mentary layers, contributes to the formation of grbups of rocks, of 
intermediate compo.sition, characterised by one or more of the 
following rock types : monzonite, quartz-diorite, mangerite, anortho- 
site, etc. The composition of some of these rocks is such that 
they may ultimately become rheomorphic,* and be transposed to 
higher levels either as minor intrusions or as effusive rocks. Accord- 
ing to Baoklund, iron ore deposits of sedimentary origin appear 
to be extremely resistant to granitisation. During early granitisa- 
tions they tend to become increasingly enriched in iron ores and 
other components characteristic of basic fronts. When eventually 
they do suooumb to granitisation the basic materials of which they 
were composed contribute to the development of late iron silicates, 
such os the skam minerals andradite, grunerito, knebelite, etc., in 
the newly forming basic front. Backlund compares the process of 
granitisation to a chain-reaction : an initial small addition of Na 
and Si to the least-resistant sediments, the pelitio rocks, is sufficient, 
raider appropriate temperature and pressure conditions, to give 
impetus to the whole string of reactions. 

A recent study (D. L. Reynolds, 1946) of chemical data relating 
to the alterotimi of pelitio and psammitio sediments, and of basic 
i^ieotis rooks, occurring in the aureoles surrounding granite masses, 
and also as incluskme within the granite masses themselves, has 
revealed the fact that in every example for which adequate chemical 
data exist, the emiilaeement ofigranitio bodied has been accompanied 
by fhe introduction of caiemic constituents and alkalis into both 
aureoles and inclusions. Only subsequently have these initially 
bashed rocks been granitised. Examples of zoned inclusions with 
gridiitired rims, and eoreto that are basified as compared with the 
unaltered rooks from which they were derived (including one with 

* A rheomoiphio rook is one that has beoome peutially or oompletely 
mobOiSed or fused oS a resuit of the intloduotion of rnjgrating materials with 
oohoomitam tire of tempoiwttiro. 
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an intermediate zone, between the basic core and the granitised rim, 
that is eren more basic than the core), indicate that the process of 
alteration was one of diffusion, whereby material displaw^d from 
the rim of each inclusion during granitisation was driven inward 
and fixed internally. Moreover, since the inclusions retain their 
sharp margins during the initial stages of basification and granitisa- 
tion, it is clear that the processes of replacement dejjended on 
diffusion through the solid, the intimacy of the replacement suggest- 
ing ionic diffusion. The presence of sharp contacts is so commonly 
cited as if it constituted evidence against granitisation that it should 
be emphasised th^ such sharp margins not only present no difficulty 
or inconsistency,* but are actually to be expected as boundaries to 
replacements dependent on solid diffusion. 

Prom the analysis of relevant chemical data it is apparent that 
a basic front is, in fact, a zone within which the chemical bases 
have increased to such aCn extent that the rock has become molec- 
ularly desUicated relative to the molecular proportions of the bases 
present. When a basic front is developed within pelitic sediments 
there is sometimes an initial stage, in time or in space, of enrichment 
in alkalis, followed by enrichments including Fe, Mg and Oa. In 
the first stage of change th^ rocks are felspathised, and may attain 
the composition of syenite, whereas in the second stage of change 
the rooks are basified, and may ultimately attain the chemical com- 
position of basic or even ultrabasic rocks. Within the basic front 
the chemically transformed rocks may acquire a higher percentage 
of one or more constituents than that characterising either the 
parent rock (whether it was originally of sedimentary or ignepus 
origin), or the adjoining granite. For such an increase the term 
“ geochemical culmination ” has been proposed. Cleoohi^ioal 
culminations of one or more of the minor constituents Ti, P and 
Mn characterise the basified rooks of the zone of desilioation, and 
will henceforth serve as useful criteria for the recognition of basified 
rocks evolved as a result of ionic migrations in the fore&ont of 
granitisation. 

One of the major petrogenetic problems of kratogenic igneous 
activity, that is of igneous activity in the relatively stable regions 
located beyond the limite of the orogenio belts, is the associatiop, of 
basic rooks (bssalts, dolerites and gabbros) and younger acid .rooks 
(rhyolites, granopbyres and granites), with intermediate types but 
feeffijy develop^, and thew demonstrably of hybrid origin. In 
important discussions of the Arctic Tertiary bksalt plateau, !|Backlund , 
(1942, 1944) has indicated the applicability of piodern conceptions 
of graffitisation to the interpretation of these rock associations, In 
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eaat Greenland (Baoklund, 1937) basalts of Upper Gretaoeous emd 
Tertjjaiy age are invaded by granite which Baoklund bdieves to be 
a product of granitisation of post^Devonian sediments. Where in 
contact with the granite, the basalts become gabbroio, being coarsely 
ophitic, with augite crystals several centimetres in diameter. 
Inclusions of the basic rocks within the granite, moreover, are 
converted first to coarse-grained peridotite, and subsequently to 
coarse-grained homblendite. These changes involved not only 
basification of the initial basalt, but also its desilication, for the 
silica content diminishes from 48-52 per cent, in the initial basalt 
to 38-42 per cent, in the ultrabasic rooks. 

Baoklund (1942, 1944) adduces evidence indicating that the 
Arctic basalt plateau is built up, not merely of a sequence of lava- 
flows as previously supposed, but largely, and particularly in the 
early stages, by a gigantic pile of sills of basaltic composition, 
emplaced within segmentary rocks of Mesozoic age. He points 
out that the emplacement of the sills must have been accompanied 
by an important transference of heat into the upper sedimentary 
layers, and that this great heat transference would have the following 
important consequences : (1) The basaltic sills last emplaced, would 
crystallise under heat conditions comparable to those obtaining in 
depth, and, in consequence, would solidify as coarsely crystalline 
rooks. (2) As the temperature rose, the volatile constituents of the 
sedimentary liters would become mobilised, and induce a reorystal- 
Usation in the basaltic layers. (3) At still higher temperatures the 
mobilisation of alkalis would lead to granitisation of the sedimentary 
layers, sometimes accompanied by rheomorphism and the develop- 
ment of hybrids. (4) Fe and Mg displaced by the granitisation, cd* 
the sedimentary layers would be fixed in the basic sills, which 
might > in consequence, even acquire an ultrabasic composition. In 
this ooimeotion Baoklund emphasises the trivial contact alteration 
associated with the ultrabasic rocks, an observation at variance with 
the high temperatures that must have been attained if the ultrabasic 
types had been emplaced as magmas. 

With a shrewd grasp of significant correlations, Baoklund has 
hhatbd at the applioabiUty of such interpretations to the rock 
associations of the British Tertiary province. In this connection 
it is, th^fore, of interest to record that work now in progress on 
BUeve GuUion, Northern Ireland. (D. L. Beynolds), is demonstisatmg 
his outstanding clarity of .perception. SGUeve GuUion is buflt of an 
alhw^tiqn of practiw^ horizontal layers of dplerite and grauo- 
ph^, some ot which are midtiple. Many of the dolmite layers are 
d/^nstrably sills, with ehjli^ margins against the granopbyre. 
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Yet the dolerite layers are not only veined by the granoph 3 rre 8 , but, 
in their orystalloblastio textures they exhibit strong evidence of 
reorystallisation, of the type usually attributed to contact alteration. 
Clearly the dolerite layers cannot have been both chilled against 
and “ baked ” by the adjacent granoph 3 rre. It has, however, 
already been shown (D. L. Reynolds, 1937) that the granophyre at 
one horizon on Slieve Gullion has been developed in situ from 
Caledonian granodiorite, and that the transformation has culminated 
in rheomorphism, as is evidenced by the veining of the dolerite by 
the granophyre. Thus, in their present form, both the dolerite and 
the granophyre are metamorphic rocks. The only logical inter- 
pretation, therefore, is that the dolerite layers were originally 
emplaced and chilled against the antecedents of the present-day 
granophyre layers, and that the whole rock suite was subsequently 
granitised. Granitisation would account for the development and 
rheomorphism of the granophyre, whilst the complementary process 
of basification would account for the crystalloblastic textures of the 
dolerite, and its enrichment in l^iotite and ampbibole. Such changes 
become less surprising when it is realised that the rocks under 
discussion occupy the site of a Tertiary volcanic caldera. 

Following up Barker’s work in Skye {Skye Memoir ; see especially 
Figs. 38 and 39, pp. 189 and 190), McIntyre (1947) has observed 
similar relationships between sheets of marscoite and granophyre. 
Marsooite layers, with chilled edges, occur within a younger grano- 
phyre by which they are invaded, and within which they appear 
as sheet-like relics, traceable along their strike into agmatites, formed 
in situ, composed of fragmentary relics of marscoite within the 
replacing granophyre. Although in a different milieu, these rook 
associations are comparable with the association of leptite (or grey 
gneissio granite), basaltic dykes and Hangd granite described by 
Sederholm, and referred to at the begitming of this article. 

In a recent discussion o^ granitisation, Niggli (1946) has emi>ha- 
sised the loss of Fe, Mg and Ga that is implied, saying “ it is above 
all difficult to solve the question whither the Fe, Mg and Ca have 
wandered.” In this connection one caimot do better than quote 
Sederhdlm. “ Purely theoretical deductions. Whether they may be 
based on geophysical or chemical oonsideratiohs, oarmot lead to any 
definite solution of these problems, nor can labtautory expeidmic^ 
do so. The safest way in geology is the old way of inductive soienee, 
by studying nature’s methods in her own great workshopi^, where 
they are available to our observation . . . conjoined With mioro- 
Booj^oal research, and, of course, giving due ooiiai<teratioti to the 
important results of modem physioo-ohemioal soiehoe.” By follow- 
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ing these very methods, exponents of granitisation have already 
solved the riddle of the displaced Fe, Mg and Ca. 
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THE BRITISH RAIIDiE 

Bt a. A. BTSVEN, B.8o.. F.R.8.K. 

Milfim Biobgkdl JUthoraianf, PfffmmOh 

Skatb 8 and rays (Raiide) are valuable and important food fishea 
which, until quite recently, were despised and neglected. Montagu, 
writing in 1800, comments upon the large numbers of rays and 
skates caught around the shores of Devon and Cornwall and says 
that they were then used chiefly for baiting crab pots. In times 
of scarcity some of the small ones might be eaten by fishermen’s 
families but were never exposed for sale. 

Fifty years later this state of affairs had changed but little. 
Jonathan Couch, writing in 1862 [1, Vol. I, p. 84], reports that rays 
and skates were included amon^t the “ ]^bble Fish ” that were 
rejected firom the fishmarkets and adds ; " The Skate is the largest, 
and, on the whole, the most important of these rejected fishes, and 
the Saxon word Shitcm, to reject, is expressive of the fact of its 
being so. The same word is the parent of several expressions still 
in common use as significant of being thrown out, aside, or rejected.” 
Agam (Zoc. cit., p. 89), in writing specifically of the Blue Skate, 
Baia batia, he says : ” The Skate is never the special object of the 
fisherman’s search and when it chances to take the hook it may 
give him perhaps a greater amount of trouble than the prize can 
repay.” 

During the succeeding quaurter of a oentury the fish-eating public 
in this country must gradually have grown aware of the value of 
rays and skates as food fishes, for Day [2, Vol. IE, p. 835], writing 
some time between 1880 and 1884, r^ers to Couoh's account of 
rabble-fish and adds the significant statement, “ Things are altered 
now, much of this rabble-fish going to Billingsgate and other large 
inland markets.” 

Nevertheless, rays and skates even than were not ccmsideied to 
node as ^per food fishes. Coimuigham, in Ids Natural Hiatory of 
the MarhetahiU Marine Fiahea of ffic Britiah lakmda, published in 
1896, dismisses them with only a few worda in the openir^ general 
section of the book. In the main part of the work dmdmg the 
history of particular fishes they find no place. Molntoeh and 
Masterman also, in their £dfe Hiatoriea of the BrUiah Marine Food 
Fiahea, published in 1897, all but ignore the Raiide, though th^ 
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diMoorae at length on snoh unimportant Teleoeteins as the gobies, 
rooklings, stioklebaoks, and blmmies. 

By the beginning of the present oentury, however, a strong 
demand for rays and skates had arisen, espeoially from fish 
restaurants, and these fishes (ooUeotively) soon ranked amongst the 
first half-dozen or so of the country’s economic species — a place they 
still hold. In the extreme south-west of England, in the ootmties 



Fxo. 1.— M;ka|>hxoai repretentittioix of the landiim of the prmoipal speoieti of xtonaorsal 
fii(h of British taking landed in Bovon and Cornwall in typoal year — 

ahowixig (o) 1^0 quan^y (blaok ooluntma) in thodaandaof owt., and (of the vahxe 
(wlvita ooluinp) in thouaanda of pounda 6ter)iiig« Note the leadiiig position 
of akatea ana raya* 

df Devon and Oomurall, rays and skates are of primary importance, 
flontritniting -approximately one-third of the totid (in both quantity 
and value) of ah demersal fish landed at all ports (Fig. 1). At the 
port of Newlyn in Oomwall, where nearly 40,000 owt. of demenud 
Sdi is landed annually, over 00 per eent. of this total in a nonnal 
year consists of skates wad rays. 

Skaites and rays (EaUd»l Elasmobranoh fishes In 

whioh the body is much fiatiehed dorsi-ventrafiy (depressed). The 
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head, trunk, and greatly enlarged pectoral fins are all joined together 
to form a “ disb,” whose outline varies from more or less quadrangular 
to nearly circular, and from which a feeble tail, with two tiny dorsal 
finlots, projects as a comparatively slender appendage. The gill 
openings as well as the mouth are on the ventral surface of the body. 

In these fishes the pectoral fins have become the effective 
swimming organs. But for slow movement on the surface of the 
sea floor the small pelvics are used like feet to push the fish slowly 
along. With a vigorous thrust they also help the fish to get under 
way when leaving the bottom quickly from the resting state. 

OoCUBRENCB AND DISTRIBUTION ON THE FjSHINO GROUNDS 

Just over a dozen species of the genus Raia occur in British 
waters. Of these no less than eleven species are found around the 
shores of Devon and Cornwall, and it was chiefly in the Devon- 
Cornwall area that the work on which this paper is based was 
carried out. 

At all seasons of the year rays and skates are caught on the 
usual fishing grounds with little variation in numbers, apart from 
that caused by the effect of weather conditions on fishing effort. 
This indicates a minimum of migratory movement, at any rate on 
a large scale. As a general rule, also, although one species may 
predominate, several species are present on every fiishing ground 
and appear all mixed up in the catches. But in cei^in restricted 
areas only one species may at times be present and even only one 
sex. On one occasion a long-liner landed a catdi at Newlyn consist- 
ing entirely of female Baia fuUonica. In^a unique fixed net fishery 
for rays near Plymouth in the first three months of each year, the 
catches consist almost entirely of female thornbaoks (B. davata) 
for most of the season and almost entirely of male fish at the end 
of it (see table on p. 227). There can be no ddtibt, therefore, that 
rays often form separate groups consisting of only one species and 
even, at times, of only a single sex. Such segregation of species 
and sexes is not noticeable, however, in ordinary ciroumstanoes, 
because several or even many different groups will contribute to 
a single catch which, when it arrives on deck all thoroughly mixed 
up, ^ves no indication of the order in space and time in winch the 
different fish were captured. An unmixed catch can be expected 
by trawling and long-line fishing (the chief nlethods) only in the 
following ciroumstanoes: (1) the formation of a sin gle , huge, 
unmixed group spread over a very wide area ; (2) the oeourrenoe 
of a small group abne in a large area untenant^ by other rays ; 
(3) the jnesenoe of a nn^e/ unmixed, group, small or large,' on m 
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isolated fishing ground. These conditions are seldom encountered. 
Nevertheless, haiUs consisting almost entirely of one sex of a single 
species are occasionally made by both trawlers and liners. 

On most of the larger fishing grounds, although one species may 
predominate, several species are generally present. An attempt has 
been made to discover whether in such mixed populations the 
various species mingle indiscriminately, or whether they keep 



Fia. 2 . — Diagram of a Comiah motor liner and a email portion of ita long-line that 
has juat been “ ahot." The veasel remaina within aight-range of the dahn 
flag while the line ia allowed to fiah. Thia line oarriod about 2,600 hooka and 
atretohed for nearly aix milea over the aea floor. For further explanation aee 
text. 

tc^ther in um*speoifio groups or shoals. ^ This was done by studjdng 
oatoheo of Cornish long-liners, noting the identity of every fish as it 
came on board, and recording every empty hook. These long lines, 
or " great-lines ” as they are sometimes called, are almost 6 miles 
I npg and Aarry over 2,000 hooks on short snoods at intervals of 
about 2 fathoms. When the Mne is shot the hooks, properly baited, 
lie in a lon« stiaight row on the sea floor, where they are left for 
several hours and then hauled tip again (Fig. 2)* 
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If tlie various species am in separate shoals or groups there 
cdioQld be a tendency for the same species to appear more or less 
together on the same part of the line. Any such grouping will 
always tend to be obscured, of course, fey the fact that the lines 
remain on the sea floor for an 3 rthing up to six hours at a stretch. 
Therefore, even though at the outset there may be a definite distribu- 
tion of the species along the line, other fish, or shoals of fish, will 
come along and take the hooks which have not previously been 
occupied. Thus the distribution of fish caught on the lines at any 
particular point of time — unless they occupy adjacent hooks, which 
is unlikely — will be obscured by those that were hooked either 
previously or subsequently. There is also the possibility tliat, 
purely as a result of chance, two or more fish of the same species 
may occur together here and there on the line, though the population 
be entirely and indiscriminately mixed. 

An examination of the distribution of fish along numerous fishing 
lines reveals a definite tendency for the same species to appear more 
or less together on the lines. This grouping is too pronounced to 
be explained purely as a result of chance. 

In Fig. 3a is shown diagrammaticaUy the catch of fish on 
a continuous section of line miles in length, hauled during the 
forenoon of July 22, 1931, on a fishing ground roughly 80 miles 
S.S.W. of Mousehole, near Newlyn, Cornwall. Each short vertical 
stroke denotes a hook which came up empty, A stroke produced 
downwards indicates a hook on which a fish of some kind other than 
B. ntontagui was taken, while a stroke produced both downwards 
and upwards and ending above in a large dot denotes one on which 
B. montagui was taken. It will at once be seen that this fish shows 
a vety definite grouping on this part of the line. A similar grouping 
of B. mofUaffui is shown in Fig. 3b on a half-mile stretch of line 
hauled during the afternoon of July 23, 1931, on a different ground. 
Biagrams constructed in like mannm- for other species provide 
timilar reatdts. 

It appears, therefore, that, on the sea floor, where various species 
of Raia are present within a limited area at the same time, the 
speeies do not mix ihdisoriminately, but segregate into uni-speeifio 
groups or shoals. « 

Miobationb 

As yet UtMe is known regarding the migrations and shoadlhg 
habits of the Eaiitkw. ‘What little infhtiuatkm there ie Oh record 
api^bs mainly to JMa eiaiKitat perhaps feeoause ite movements ' aM 
more marked than those of ^ other «peieies, CNr perhaps becauee E 
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is the most genemlly disiribated and most abundant ray in inshore 
shallow waters and at moderate depths dPwn.to at least 80 fm. 
Meek [4, p, 41] states definitely that there is, in this species, 
a periMiod migration inshore in summer and into deeper water 



for the winter. Unfortunately he gives no actual data a« to depths. 
At the irostem entrande to the English Channel lAeie is little 
eviidbaoe of such a wholesAte inshore migration in sammar, at any 
rate within the area inside the fiO-fin. line. The long#ae«8, whieh 
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are xesponsible for over 50 per cent, of the total ray landings in 
Devon and Cwnwjill, fish throughout the summer montlis only, 
mainly in depths of from 60 to 80 fin., and the pre-war tendency 
was for the boats to go still farther offshore into ever deeper water 
in order to maintain the level of their catches. 

Certain conditions described by Murie [3, p. 1:66], however, for 
the Thames Estuary are borne out by observations in this area. 
According to this author the thoniback is captured in shallow water 
at almost all seasons, especially during its early stages. Examination 
of steam trawlers’ fish landed on Plymouth market indicates clearly 
that this statement holds good for other areas also. It is the usual 
custom among steam trawlers on landing rays to separate them into 
“ small ” and “ large ” fisli — the former consisting of fish under 
about 40 cm. across the disc and the latter of the larger ones. 
Among their small fish very few R. clavata are to be found at any 
season, giving an average of not more than 6 per cent, over the 
year. Among their larger fish, however, R. clavtUa forms about 
33 per cent, of the total. 

The steam trawlers fish mainly in water of from 40 to 60 fm. 
in depth. The ray landings of smaller vessels fishing inside the 
30-fm. line, however, consist mainly of R. damta, the majority of 
which are of small and medium size, such as would be included in 
the “ smalls ” of steam trawlers. Over 80 per cent, of the rays 
caught by the research vessel Sabella are R. clavata, most of them 
young individuals under 40 cm. in width across the disc. 

The explanation seems to be that the young fish are hatched in 
shallow water and remain there during their early stages of growth, 
moving out into deeper water when they have reached a disc width 
of 40 cm. or over. Corroborative evidence on this point has been 
obtained by means of marking exj)erimentB. 

Migrations, either feeding or spawning, or both, do also occur, 
however, among the adult thornbacks. Murie [3, p, 167] states 
that, “ when long-lining in the Wallet (Thames Estuary), rokers 
were few at the beginning of the fishing season, but as the sprats 
came atout so did the rokers multiply. They would be from 
18 inches to 2 feet wide, length in proportion, and more big than 
small ones. As an instance of a good catch, some thirty years back 
(1870 ?) in the Barrow Deep one morning, on 28 lines, 190 rokers 
were hooked, besides several linos being lost through weight of fish 
on them.” 

It is evident tkat, in those areas of the Thames Estuary, the 
aduh thornbacks ai^iear £>r a time in large numbers, prolmbly 
fseding on sprats — t.e. they show a feeding migration. 
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A strikingly Bunilor inshore migration of adult thombaoks takes 
plaoe every spring in the vicinity of Plymouth, £aoh year, usually 
about the middle or end of January, while herrings, pilchards, or 
mackerel, are still abundant, large numbers of B. damta congregate 
in fairly shallow water — ^inside the 22 fm. line — •aroimd the shore to 
the eastward of Plymouth Sound from Yealm Point to Bigbury 
Bay, and give rise to the set-net fishery already referred to (p. 222). 

The landings from this net fishery present certain features of 
great interest. The first fish to arrive (as shown by the landings — 
Table I) are almost entirely females — all fully grown gravid fish 
nearly, but not quite, ready to deposit their eggs. In a few weeks 
adult male fish occur in increasing numbers. Finally, landings may 
consist almost entirely of adult males, the females having departed 
and the males having taken their plaoe. When this happens, the 
fishery is nearly at an end. These male fish do not remain long 
behind the females which have already left the area. 


TABLE I 

Lamoinos vbok Ray Nbts 



it. clavaia. 


jR. dattUa. 

1030. 







$9 



$9 


February : 



January : 



20 , . . 

10 

192 

12 ... . 

2 

159 

21 ... . 

10 

198 

13 ... . 

— 

121 

24 ... . 

34 

199 

16 ... . 

2 

49 

March : 

4 . . . . 

1 

33 

19 ... . 

20 ... . 

3 

5 

198 

156 

8 . . . . 
10 .... ! 

20 

2 ! 

44 

47 

22 ... . 
23 ... . 

! 1 1 

17 

75 

123 

11 . . . . 

67 ! 

37 

1 Febniary : 



12 . . . . 

28 i 

41 

1 3 . . . . 

2 

77 

15 .... 

38 

— . 

4 . . . . 

— 

121 


All the fish move off before “ spawning ” takes plaoe. Although 
the females caught and landed all contain almost ripe ova, in scarcely 
any of them are egg bapskdes to be found. 

This congregation of thorhbaok rays around the shore from 
Yealm Point to Bigbury Bay, upon which the Plymouth ray net 
fishery depends, is therefore an inshore feeding migration of mature 
adult fishl There is evidence of similar b<lef inshore migrations in 
early spring at other points along the Channel coast.' 

Further light on the migraiaons the thomback ray has been 
obtained from marking experiments. Although rays are only 
mpderateiy plentiful in the immediate neighbourhood of Plymouth, 
where these eKperiments have been carried out, there is one small 
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flAhiag ground on which at loaot a fhw thombaok raya can usually 
be found at all seasons. On this ground, locally known as the 
“ Corner ” (eide Fig. 4- — batched area), between November 28, 1930, 
and May 24, 193fi, d38 thornbaoks were captured and released again 
after marking. jEleleases on other grounds in the vicinity (Fig. 4) 
were: Cawsand Bay, 49; Bigbury Bay, 30; Plymouth Sound 
(inside breakwater), 7. Of this total of 614 releases, 203 individuals 
(approximately 38 per cent.) were recaptured after periods varying 
ftom 12 to 1857 days. Details of these recaptures are given in 
Table II. 

TABLE II 

Distakoks travellbd by KsiCAFniEBD Fish* 





Numbor Recaptured and 




Dtotaaco travelled. 

plaoo AetoMed. 

Numlrer 

RoIeaMd. 

StstloDsry, 

— — 






Up to 

5-20 

«(K50 




5 mtloe. 

mllee. 

mttes. 

“ Com©r ” 

628 

n7**« 

16»*o 

39”* 

ID*” 

Cawsand Bay .... 

49 

2^^ i 

g706 

5iti 

141ft 

Bigbury Bay .... 

30 

5»«» 

jm 



Plymouth Sound . 

7 


Jilt 

1” 


Totals 

614 

1 

124»®« 

^ 20Wt 

47iht 

nin 


• Indio©* indioatw average ntunber of day* free. 


From this table it will be seen that, of the 202 fishes whose 
place of recapture is known, no less than 124, or approximately 
61 per cent, of them, were retaken on the exact spot * where they 
were set free, and this in spite of the fact that the times that had 
elapsed between marking and recapture again varied from 12 to 
1367 days. These returned fish came in at all seasons of the year, 
and the average period of absence was 280 days. One hundred and 
forty-four individuals, or 71 per cent, of the recaptures, had moved 
less than 6 miles, while only 11 had travelled over 20 mUes, Not 
a single fish has as yet been returned from a distance greater than 
^0 miles from the point where it was set free. « 

In Fig. 4 are plotted the positions f of recapture of all firdies 
tlmt had changed their location by more than 5 miles^ the differ^t 
symbols indioating {dace of release in each instance. The great 
majority of these reeaptures are of fishes that were released on the 

* I*. M nearly re be areeetamedat As the grounds in question 
are all close by the lend, the; positiaps fixed with considerahle aoouirey 
by the tiro of Ifuidmeiw on 

t one fish wiia rereptmed beycnd the 1^ this chart at a pditit 
2ft miles fbrtlrep on, in the 
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“ Corner ” ground (closed oiuoles). Six had bn®n set at liberty in 
Cawsand Bay (open circles) ; two in Bigbury Bay (closed squsjes) ; 
and two just inside Plymouth Breakwater (crosses). Bearing in 
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must be noted, however, that moat of the fish marked vrexg) immatnre 
individuals. "Throughout their growing period, therefore, the young 
thombacks show no migratory movement. There ia simply a very 
slow diffusion of some fishes outwards in all directions. 

Unfortunately, because of their scarcity on the inshore trawling 
grounds, a sufficient number of adult thombacks has not been 
marked to yield useful data concerning their movements. There is 
evidence from other sources, however (p. 226), which suggests that 
a certain amount of migratory movement (probably not very 
extensive) is shown by the sexually mature fish. 

Because of the very marked non-migratory habit of the young 
fish it has been found possible to captiue the same individual more 
than once after varying intervals in the same place. Of the 
150 fishes which had moved less than 6 miles subsequent to marking, 
23 were recaptured by our own vessel, measured, and returned alive 
to the sea where, presumably, they may be still at liberty.* In 
addition, 10 fishes have been recaptured more than once. In one 
instance the same fish was caught by our research vessel no fewer 
than 4 times within a -year after it had been marked, at intervals 
var 3 dng from 13 days to 4^ months. This fish, therefore, was on 
a ship’s deck five times within 12 months, having been trawled up 
on each occasion from exeictly the same place in about 25 fathoms of 
water. It was caught again a sixth time,' still in the same place, 
14' months after marking. Unfortunately, on this final occasion 
the capture was effected by a commercial vessel which killed it. 
Details of this and oth$r repeat captures are given in Table III. 

TABLE in 

Ricobus or RsnsAT CAmmiiB 


Bdfua 

No. 

Date 

Marked. 

1 

' 

u 

III 

IV 

V 

Whetlier 

Hdeaaad 

Agatn. 

12 . 

13/ 2/81 

8/ 4/32 

10/ 6/83 




< Ko 

ao . 


6/ 2/32 

22/ 6/32 




Ym 

61 . 

10/10/31 

8/12/31 

21/12/32 

29/3/33 



Yes 

6$ . 


9/ 2/82 

6/ 8/36 




No 

68 . 

»» 

24/ 8/32 

26/ 8/38 




No 

laa . 

23/12/31 

22/ 1/32 

14/ 6/82 

13/9/32 



Ym 

226 * 

26/ 4/32 

^ 22/ 6/32 

25/ 8/82 

6/1/33 

18/1/33 

1/7/33 

No 

285 . 

12/ 6/32 

29/ 7/32 

7/12/82 




No 

1036 

26/ 4/32 

22/ 3/83 

26/ 1/84 

23/4/34 



Yes 

1436 

12/ 5/32 

15/ 7/32 

S/ 8/82 

' 


1 

No 


AU the fishes recorded in this table were captured and rel^tsed ■ 
on the “ Comer ’’ grounds in from 20 fathoms to 26 fathoms of 

* The length of life of these fliihes is Act known. 
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water, and all except one were in eveiy instance recaptured exactly 
where they had been originally set free. The single exception was 
No. 63 which, in the interval between its second and third (final) 
captures, had moved to Bigbury Bay, Where in this table fishes 
are recorded as being no longer at liberty it means that, on the final 
occasion of their capture, they were taken by a commercial vessel 
and retumod dead to this laboratory. Those still at liberty were 
on every occasion taken by the laboratory’s research vessel and 
returned alive to the sea after measuring. 

It is important further to note that all of the fishes included in 
Table III — except No. 63 — were immature at the time of marking 
and were stiU immature at the time of their final recapture, the 
largest, a female (No. 285), being then approximately 49-5 cm. in 
disc width. The single individual (No. 63) which, on its final capture 
was foimd to have moved a few miles away, was an adolescent 
female 64*6 cm. in width. 

In trawling for rays for marking purposes each haul has seldom 
been less than 1 hour and never exceeded 2 hours in duration. 
That numerous fish have survived repeated capture, as recorded in 
Table III, indicates that they can successfully witlistand pretty 
severe treatment. But still further, and at first rather unexpected, 
evidence of their capacity to withstand rough handling has been 
obtained. During marking operations, immediately after a catch 
of fish has been brought on board, the trawl frequently has been 
lowered again at once and the captured fish marked and released 
while fishing continued in progress. This became the routine 
method of working. In these circumstances it occasionally happens 
that a newly marked fish goes straight to the; bottom and is caught 
again forthwith in the advancing trawl.* Most fishes taken twice 
in rapid succession in this way have survived the double capture 
and several have been caught again after further periods of liberty. 
One individual (2228), a young male 22-5 cm. in width, was caught 
and brought on board three times on the day of marking and, 
having strrvived, was finally released only to he taken yet again 
alter ap interval of approximately 11 months. Details of this and 
other repeat captures oh the day of marking, and the fhrther history 
of each fish, are given in Table IV. (See page 232.) 

In addition, eleven othm* individuals were retaken once after 
first i^ease on the day of iaaaiking but have not been heard of 
a^^dn. ' ' 

* Bays returned to the 8ea«a{ter having been in the trawl, irreq>eotive of 
whether or not they have been marked, usually swim about at die surface 
for a considerable time before descending to the bottom. 
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TABLE IV 

Bxnux CAVTnfias on Day or llAncnro 


Bfirtil 

No. 

Demii of Cnjpiuee on Pay of Marking. 

SttbMKiuent Hkioiy. 

222S . 

twice, after marking, 
in oonaeoutive hauls of the 
trawl. 

Caught again after 338 days’ 
liberty. 

242S . 

Retaken once after first release 
on day of marking. 

Caught again after 109 days’ 
liberty. 

12 . 

Do, 

Caught again after 14 months’ and 
25 months’ liberty {vidt Table 
III). 

m 

Do. 

Caught again alter 1 1 1 days’ liberty. 

m . 

Do. 

M M 27 

397 . 

Do. 

M „ 12 

1 


Three small tbombaoks, hewever, each under 14 cm. in width, 
which at different times were taken in consecutive hauls, failed to 
recover after the second capture. Only on one occasion has a larger 
jSah (48 cm. wide) failed to recover after two oaptiues. This fish 
when it arrived on deck the second time, received a severe knock 
from a large stone which had found its way into the cod end, the 
injury so received beipg the probable cause death. 

« These records of the survival powers of rays of different species 
suggest that where these fishes form an important part of the catch— 
as in English Channel waters — it would well repay commercial trawl- 
fishing vessels to take the shortest possible hauls which are consistent 
with fishing efficiency, and to return at qnoe to the sea all rays 
that are too small to be marketable. Possibly the very smallest 
individuals might not recover, but the larger unmaricetable sues 
would almost certamiy live. Being non-migratory, these young 
fish would remain on the same grounds until they reached saleable 
size; they would not move away to another area where othm 
fishermen (perhaps less careful of their own stocks) would reap the 
benefit. The non-migratoiy habit of these fishes in their powing 
stages, coupled with a relatively hmg juvenile life {vide p. 23^ ta/mc) 
is also important in that it increases the possibility of reducing the 
etdpk on any particular fishing ground by too mtensive fishing. 
tJifiike migratory species which are exposed to capture cmly for so 
long as they remain in a fishable area, and whose numhem tmid to 
be sustained or replenished by immipanta from other locaUties, the 
rays present on fishable grormd remain constantly exposed to 
capture, and their numbers will be augmented only very slowly 
by padual infiltration of individuals from adjacent re{^ne where 
fiiddng is impossible or less intense. 
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Qbowth 

Of the 202 leoaptured fish whose plaoe of reoapiure is known, 
figures relating to size have been received for 197 of them. Ten 
of these have been captured more than once and more than one 
record of growth has been obtained. 

In Table V the mean growth increments grouped at monthly 
intervals for fishes of 10-cm. size groups are given, the indices 
denoting the numbers of fish upon which the entries are based. 
Only 2 fishes of the very smallest size group (10-19-6 cm.) have 
been retiuned. It would seem that many of these very small 
individuals do not survive the ordeal of marking, although returned 
to the sea in very vigorous condition. Notwithstanding that the 
smaller of the two marks in use is invariably affixed to them, it is 
relatively an enormous encumbrance to such tiny fishes, not to 
mention the relative severity of the operation when placing it in 
position. The use of a still smaller mark is impracticable. 

At the other end of the scale, only very few fishes over 60 cm. 
disc width have been marked, and only one returned. As mentioned 
above, most of the fishes present on the Plymouth grounds are 
immature individuals and it is therefore mainly to those sizes, from 
about 20 cm. to 50 cm. disc width, that the data so far collected 
apply. 

Examination of Table V shows that, over this range — although 
there is considerable variation in the data owing to individual 
differences in growth-rate — a growth increment of from 4 cm. to 
8 cm., in width of disc takes place in a full year. (See page 234.) 

The rate of growth of both sexes is approximately the same over 
the size range represented. For reasons already stated no data are 
available from marking exp^iments on the growth rates of the 
lai^^est size groups. Observations on market categories [7, pp. 860 
et «cg.], however, reveal that in the males first-maturity is reached 
at or shortly after a disc, width of 50 cm. is attained, and that 
thereafter their growth rate rapidly falls off. Male thombadcs 
sddom exceed and usually fail to reach 60 om. disc width. 

The females, on the other hand, do not reach first-maturity until 
they have attained a disc width of from 66 to 70 cm., and old adults 
dT over 80 cm. disc width are not unoommon. Since both sexes 
grew at about the same rate until the male reaches first-maturity 
it follows that the males become adult at a younger age than the 
females. Thombaok ra3r8 hatch out from the egg having an average 
disc width of approximately 8 Om. [5, p. 696]. Taking 6-0 om. per 
annum as an average growth xate in both sexes untal the omet of 
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TABLE V 

Mbak SiZK iKCBEMsm^s OF Mahkro Rai 0 davaia 


Grouped at monthlv («« 4-weekly) intervals. Siise increments in cm. Indices 
denote numbers of iish upon which entries ore based when more than one. 



group ( cm .). 

Mostha 












.t 

10 - 19*6 

20 - 29*6 

80 - 39*5 

40 - 40*5 

60 - 59*6 

00 - 69*5 


Uboriy . 













(j 

9 

6 

9 


9 

s 

9 

(j 

9 

(j 

9 


0 . 



017 * 

00 ‘ 

0 * 3 * 

00 * 

00 * 

0 * 2 * 

06 * 

00 




1 . 




01 * 

O ' S ® 




1 * 3 * 

0*0 




2 . 



0*6 

0*5 

2 * 3 * 

1 * 2 * 

0*5 



0 * 8 * 


0*6 


3 . 



1 * 2 > 


2 * 0 * 

1 * 2 * 

os * 


0*0 

2*0 




4 . 



2 * 0 * 


1 * 6 * 

1 * 8 * 

1*0 

06 * 


1*0 




6 . 





0*0 

10 

3*0 



20 * 




6 . 



0*0 

3*0 

31 * 

3*0 


0*6 

2*0 

3 * 0 * 



t 

L 21: 

7 . 




1*6 

2 * 6 * 

4 * 2 * 

3 * 8 * 

3*5 






8 . 



3 * 8 * 


3*6 


2*6 

30 * 






9 . 



6*0 

4*0 

0*0 

.3 3 * 


6 - 2 * 

0*6 





10 . 



6*0 



4*6 


6*6 

3*0 

0*6 




11 . 



2*6 


3*0 

30 * 

3*0 

0*5 

6*0 





12 . 




4*6 

8*0 

3*0 








13 . 



6*0 




6 - 6 * 





c 


14 . 



7 * 3 * 



4 * 6 * 


0*5 


9 




10 . 


6*5 



7*0 

7 * 3 * 

0*0 


fiS 





16 . 





9*0 

11*0 




8 - 8 » 




17 . 



8 * 3 * 


5*5 

7 * 0 * 








18 . 



8*0 





8*0 






19 . 





9 * 8 * 

16*0 

7*6 

9*5 





i 

20 . 





7*6 





11*0 



r >* 

21 . 






4*5 

10 * 6 * 

6*0 



1 



22 . 







0*5 




1 


23 . 





4*6 









24 . 







6*6 







20 . 



170 


12*0 









20 . 




100 ! 










27 . 

i 









18*0 


1 


28 . 








13*0 






30 . 






17*5 








31 . 







7 * 8 * 






1 

33 . 

7-6 

■ 












-f. 

* 






0*5 

12*0 



11*0 



CO 

30 . 






10*5 

120 







30 . 




13*0 










43 . 






31*0 



1 





46 . 



280 




9*0 






i 

48 . 




29 * 6 * 






■ 




62 . 












J 



, sexual maturity, it follows that the males reach this stage when 
they are about 7 years of age whereas the females do not become 
sexually mature for another 2 years or so. 

Food and Fbsdino 

Of the foraging habits of the Baiidss little is known. It is 
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nevertheless certain that they depend upon “ scent ” — or at any 
rate some sense other than sight — ^for the finding and recognition 
of their food or prey. For in long-line fishing, where the catch 
depends upon the fish finding and taking the bait, there is no 
difference at ail in the magnitude of day and night hauls. Neither 
the brightest day nor the darkest night appreciably affects the 
catches of ray. They thus differ markedly from turbot which, 
being sight feeders, are seldom caught in any number on lines during 
the night, but are readily taken by day. 

As is already well known, young rays feed very largely upon 
small crustaceans, especially Amphipods and Crangonids [5, p. 635]. 
In the vicinity of Plymouth the Amphipod Ampelisca apinipes is 
of primary importance, being present in large numbers on certain 
grounds [6, p. 681]. As the fish increase in size they turn their 
attention to larger Crustacea such as Upogebia, Portunus, and 
Corystes, and — ^in certain species at least — to fish. Adult thom- 
baoks, in fact, sometimes feed entirely on fish. The large rays of 
this species taken by the nets already mentioned (p. 227) were in 
both 1930 and 1931 found to be feeding exclusively on herrings and 
sprats. Of several hundreds of stomachs examined, not one was 
found to contain anything but fish, mainly herring (sometimes as 
many as six in one stomach), and not more than half a dozen empty 
stomachs were encountered. Several large R. Brachyura and a few 
large R. bcUia taken in the same locality also had their stomachs 
full of herrings. One of the latter, a female measuring 143 cm. 
across the disc, contained no less than nine large fish. 

Other fish, commonly including rays, also enter largely into the 
diet of adult Raia batia. Of 41 stomachs of these fishes, ranging 
from 89 cm. upwards in width of disc, that 1 have at various times 
examined, 13 contained one or more Raja sp. Those specimens 
of which the species could be determined consisted of R. mmma and 
R. tnonlagui, with one doubtful R. davata among them. 

The Tom. of a Fisheby 

During the period between the two great wars there was an 
alarming decrease in the landings of rays and skates from the 
English Channel area. Certain factors, external to the fishery itself, 
hbl|^, in some }^r8 at least^ to bring about this decline. But that 
it reflected a real change in the available stock of fish was clearly 
indicated by events and conditions in the Cornish section of the 
industry. 

Before the outbreak of the 1914-18 war and for a few years 
after its close the Cornish long-line fleet, working from Newlyn, 
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need on an average to work from 1000 to 1000 hooks per vessel 
on from 2^ to 3 mileB of line^ Gradually they became obliged to 
use from 2000 to 4000 hooks on from 5 to 7 :^es of line in order 
to catch the same amount of fish or rathw less. Moreover, instead 
of fishing as a rule within a radius of 60 mUes from the port they 
had to operate on grounds up to 90 or even 100 miles distant. In 
due course no further increase in the amount of gear that could be 
used from the existing vessels could be made. The extreme limit 
of their range was also reached, and the oatcl^ continued to fall. 
It is doubtful whether the introduction of lai^er vessels capable of 
wm^king more gear and going farther away frx>m port would have 
arrested this decline other than temporarily. In fact, such develop- 
mmite in all probability would have hastmied the decline. But 
war came and the grounds were rested, and catches are good once 
more. But with such slow-growing fishes, that are also demersal 
and non-migratory in their young stages, it seems certain that 
overfishing will soon cause renewed depletion of the stocks, especially 
if trawling is carried out as intensively as before. 

In this connection it is important to emphasize thatin line fishing, 
unlike trawling, there is a complete absence of any destruction of 
non-marketable small fish. Should the question ever arise in 
a restricted area of devising means for the preservation of a skate 
and ray fishwy, a useful preliminary step would be to consider the 
possibiltty of substituting lining for other more destructive methods 
of fishing. 
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THE TOXICITY AND PROPERTIES OF 
THE GLYCOLS 

ETHEL BBOWHIHa. M.D. 

Thb potential toxicity of any solvent used in industry can usually 
be estimated only by experiment, either human or animal ; its 
actrud toxicity is too often established by accident, with results 
which may be serious or even fatal. This latter method of estimation 
occurred with two members of the group of solvents known as the 
glycols and their derivatives — diethylene glycol and diethylene 
dioxide, or dioxan. In the case of diethylene glycol the accident 
was non-industrial, following its use in America as a vehicle for an 
“ elixir of sulphanilamide ” ; in the case of dioxan, an alteration 
in an experimental textile plant leading to a higher concentration 
of the vapour was followed by the death of five rnwn who had worked 
in apparent safety on the same process for sixteen months. Until 
this disaster, which ocoured in 1933, relatively few animal experi- 
ments on this particular group of solvents had been carried out, 
and those which had been made on dioxan itself had appeared to 
place it low in the order of toxicity. This is an instance of the 
difficulty, often encountered, of translating the results of animal 
experiment in terms of toxicity to human beings. Of recent years 
efforts have been made in many instances to correlate as far as 
possible the experimental environmental conditions with those 
actually encountered in industry, with the result that the toxicity, 
both potential and actual, of many solvents, inelnding the glycol 
gyoup, is now wdil defined and clearly understood. 

Industeial Usks of the Glycol Geoup 

CSyoela and their derivatives, the ethmrs and esters, have many 
and varied applications in industry, and are becoming of inoreasiBg 
iu^xMPtanoe, since many them are good solvents for laoguer. 

their other applioattons are their use as anti-feeeze mixturesi, 
udbiolea for fiavourmg essences, phamnaoeutioal prepAcatiocie and 
ooemetios, in the textile iadusti^, as an intermediate in the synthetic 
rubber imdhistry and, espeoiaUy in America, for the “ stMfecfing ” of 
shirt oeUars and “ ooolfatg ” of oigeirette tobaeeo. Of recent years, 
apart from their use as solvents, ethylene and ^pylene glycol have 
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been employed as air ateiiliaing agents. It is obvious that the full 
knowledge of the nature and degree of any hazard attached to their 
use in so wide a field should be available. 

Properties . — ^Upon the volatility of the different members of the 
group depends largely the degree of toxicity, from the industrial 
IKjint of view, of the individual substance. 

The glycols themselves — ethylene, diethylene, butylene and 
propylene — are volatile only with difficulty. Ethylene glycol, for 
example, is 2625 times less volatile than ether. 

The ethers — ethylene glycol monoethyl ether (methyl oellosolve), 
mono-methyl ether (oellosolve), mono-»-butyl ether (butyl oello- 
solve), the mono-ethyl and mono-n-butyl ethers of diethylene glycol, 
dioxan, and diethylene oxide (tetrahydrofuran) — are of high volatility, 
while the ether esters — ethylene glycol monoethyl ether monoaoetate 
(oellosolve) acetate and diethylene glycol monoacetate — occupy an 
intermediate position. 

The boiling point is another important factor in their industrial 
application. Ethylene glycol itself, with a B.P. of 191 to 200° C., 
and its diaoetate with a B.P. of 186 to 190° C., are unsuitable as 
solvents for lacquer, while the monomethyl ether (methyl oellosolve) 
with a B.P. of 124 to 126° C. and the monoethyl ether (oellosolve) 
B.P. 126 to 138° C., are widely used in the lacquer industry. 

Toxicity . — All members of the glycol group are injurious to the 
kidneys, and many to the liver, if allowed to enter the blood stream 
in sufficiently liigh dosage. In the case of those of low volatility, 
such high dosage can only be attained by ingestion, either accidental, 
or as the result of being used as pharmaceutical vehicles. Accidental 
ingestion of anti-freeze radiator fluid has very recently (1946) been 
responsible for eighteen fatal oases in America, while the disastrous 
results of diethylene glycol used as an “ elixir ” has already been 
mentioned. A comparison of the toxicity to animals of several of 
the glycols used as constituents of food and drug preparations made 
by Laug, Calvary, Morris and Woodward in 1939, using the method 
of introduction by stomach tube, led them to conclude that all 
except propylene glycol should be omitted entirely ffiom food and 
drug preparatiions. 

The danger of acute poisoning from inhalation is greatest, 
naturally, with the highly volatile ethers, and, though with care in 
the normal bonditions of their industrial use this should not occur, 
serious trouble has arisen in exceptional cirorunstances. Such 
exceptional circumstances were present in the flve fatal oases 
dioxan poisoning, wdiere an unusual and unforeseen extent of 
exposure took place. 
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The lesions of the kidneys,, which in animals are degenerative in 
character, and which in the fatal oases examined at autopsy have 
shown themselves as a symmetrical necrosis of the cortex, sometimes 
as a deposition of crystals of calcium oxalate, w^ for some time 
attributed to the production in the body of oxalic acid as a meta- 
bolite of some of the glycols. This hypothesis seemed to be sup- 
ported by the imding of Hanzlik, Seidenfeld and Johnson (1931) 
that daily doses of 2-2 gm. per kg. of ethylene glycol to animals 
gave rise to oxaluria and renal calculi. Later investigations of 
a number of the glycols by Wiley, Hueper et al. (1938), however, 
showed that, while some of these substances, notably ethylene glycol 
itself, did increase the urinary oxalic acid, the amount was scarcely 
sufficient to explain their toxicity. It is now thought by many 
investigators that the toxic action may be due to other toxic inter- 
mediates that are destroyed within the body, and that the high 
incidence of casts in the pyramidal tissue may indicate the existence 
of some local disturbance of the calcium metabolism. A more 
extended aeries of investigations by Morris, Nelson and Calvery in 
1942, in which animals were fed at levels of 1-4-9 per cent, of various 
glycols (according to their equimolecular concentrations) for two 
years, revealed the presence of actual laminated mulberry bladder 
calculi. With some glycols these stones contained approximately 
80 per cent, of calcium oxalate. 

, The presence of degenerative changes in the testes and br4in of 
experimental animals given daily injections of ethylene glyCol was 
regarded as evidence of systemic organic injury by the injected 
substance. Testicular enlargement, oedema and tubular atrophy 
have been observed, especiadly in animals fed for two years on 
ethylene glycol monoethyl ether. 

The narcotic action of the glycols as a group is not high ; tetra- 
hydrofuran has the most definite action in this respect, inhalation 
of 400 mg. per litre producing deep narcosis in animals. 

Their irritant action on skin and mucous membranes is also not 
hig h) solutions of 20 per cent, producing only slight reddening of 
the human skin, though injection of solutions of this strength of 
ethylene glycol and diethylene glycol monoethyl ether into the 
abdomen of guinea pigs caused extensive infiltration and tissue 
neorosb (Walther, 1942). Some members of the group are slightly 
irritating to the nose and throat when inhaled, and dioxan smd 
tetrahydrofnran cause inflammation of the respiratory tract. 

Acute Toxicity . — ^The toxicity of various members of the 
series in rriation to each other has been determined by animal 
experimants which are not completely uniform, since various species 
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wei« ased by di£fe^t investigators and various methods of 
administration. 

One series, for example, examined by von Oettingon and Jirouob, 
(1931 ) by subcutaneous injection into mice, indicated that the lethal 
toxicity in decreasing order of the glycol products investigated vrae 
as follows : 

ethylene glycol mono-n-butyl ether (butyl oellosolve) ; ethylene 
glycol ; diethylene glycol ; ethylene glycol monoethyl ether 
(oellosolve) ; diethylene glycol monoethyl ether (carbitol) ; 
ethylene glycol monoethyl ether monoaoetate (ceUosolve acetate) ; 
dioxan. 

Examination of another series by Laug et al. (1039), by stomach 
tube introduction, on the basis of L.D.SO,* gave the following results 
(also in decreasing order) : 

ethylene glycol monoethyl ether (oellosolve) ; dioxan ; diethy- 
lene glycol monoethyl ether (carbitol) ; ethylene ^yeoi ; 
diethylene glycol ; propylene glycol. 

By inhalation, the relative acute toxicity has not been closely 
correlated, but some experiments quoted by L^mann and Mary 
(1943) appear to indicate that of the more volatile glycol derivatives, 
ceUosolve and methyl ceUosolve are the most toxic, folbwed by 
dioxan and tetrahydrofuran. Butyl oellosolve, ethylene glyccU 
monoaoetate (solvent G.C.) and ethylene glycol monomethyl e^ber 
(methyl ceUosolve acetate) were relatively weU tolerated even in 
saturation oonoentrations. 

(In this relation it is interesting to note that the ideal concentra- 
tion of ethylene arid propylene glycol suggested for air sterilisation 
is just below saturation, and this advocacy is supported by the 
demonstration of Robertson (1942) that rats and monkeys main- 
tained for a year or more in atmospheres saturated with the vapours 
of propylene and trfethyleneglycol could thrive and b^ young.) 

i^ni aU investigationB it appears that propylene glyool is the 
ieast toxic of the group ; butylene glyool and its methyl acetate axe 
praoticeJUy nori-toxio ; the ceUosolve ” varieties (oellosolve, methyl 
oeU^lve, butyl' oellosolve, and ceUosolve awtate) are amcmg the 
most toxioi 

, * L.D4}Q loeaiw the leib^ dose for SO per oept. of the expeannentsl 
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Til* Individvml MamlMrs of tHis Gkrrap 

Ethylene Glycol 

Ethylene glycol ie a oolourlesa, odourleas, somewhat viscous and 
hygroscopic liquid, non-inilammable, but evolving heat when mixed 
with water. It has a B.P. of 191-200° C., and is of low volatility 
(2626 times less volatile than ether). 

Its chief appUoations in industry are : 

(1) As a constituent of anti-fireeze mixtures for oar radiators. 

(2) As a constituent of cosmetics and flavouring essmoeB. 

(3) As a constituent of ethylene glycol electrolyte for electrolytic 

condensers. 

(4) As a solvent for pigments, e.g. for printing textiles. 
Toxicity 

From the industrial point of view, the use of ethylene glycol 
does not appear to be attended by any great danger to health, 
since absorption by inhalation is unlikely to occur, owing to its 
slight volatility, and there is no evidence of absorption through 
the skin. Acute poisoning by ingestion, with fatal results, has 
occurred, and the minimal lethal dose for human beings is estimated 
at about 100 c.c. 

Toxicity to Animcda 

(a) Acvie . — In large doses, by feeding or injection, ethylene 
{^yool acts as a poison to the central nervous system and to the 
kidneys. The symptoms preceding death, and following an ingested 
dose of 6-13 c.c. per kg. or an intravenous injection of 2-5-4-6 o.o. 
per kg. were those of loss of equilibrium, general motor depression 
and in some oases twitchings, tremors and convulsions. The injury 
to the kidneys consisted of degenerative lesions (nephrosis) with 
a high incidence of calcium oasts in the pyramidal tissue. 

Inhalation of concentrations of 0>6 mg. per litre (approximately 
the saturation value) produced only alight narcosis, with complete 
reoovcffyi. 

m dkronie . — Small amounts, given orally or suboutanBously, 
oau^ no injury to the kidneys, but daily feeding doses of 2-2 gm. 
per kg. or injections of 6 were ft^owed by degenerative lesions 
in tfae/kidneys, in the spennatogenio^^itfaelium of ike testes and of 
the ganglion cells of the brain. These doses also |>rodaoed oxiduiia 
and mud oakmli, while teeding at levels of 1-2 per cent, of the diet 
for pedods of two years prodiu^, in the experimmits of Morris et al. 
(1942), actual laminated mnlberry stones in the bladder. 
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Inhalation of the order of 300 mg. per 1000 litres of air produced 
no significant pathological changes. 

r 

Toxicity in Man 

{a) Acute . — The most recent of the fatal oases which have 
occurred following the accidental ingestion of ethylene glycol have 
been described by Pons and Custer (1946). In only one of these 
eighteen cases was the approximate amount taken known — 200 c.c. 
of an anti-freeze mixture. 

Death appears to have l)een due to respiratory failure, following 
vomiting, convulsions and coma within the first few hours. In 
these cases the urine contained oxalate crystals, which were also 
present in the kidneys, but only one case showed severe damage to 
the renal epithelium. Lesions in the central nervous system varied 
from congestion and oedema to exudative meningo-encephalitis. 
In one of two similar non-fatal cases (Hansen, 1930 ; Brekke, 1930), 
however, when death was apparently averted by surgical dboapsula- 
tion of one kidney, a condition of haemorrhagic nephritis was found. 

(6) Chronic . — Symptoms of chronic intoxication from industrial 
exposure to ethylene glycol have been practically non-existt^t, but 
slight urinary abnormalities, albuminuria and a few red blood 
corpuscles were found during an investigation by the Factory 
Department (Browning, 1937). 

Ethyijinb Glycol Monobthyl Ethbb (Cbllosolvb) 
(Ethyl Glycol) 

A ooloimless liquid with a slight odour. Boiling range 1 26-1 38° 0. 
It b a powerful solvent for nitrocellulose, and its chief industrial 
application is in the lacquer industry. Its volatility is considerably 
higher than that of ethylene glycol — 43 times less volatile than ether. 

Toxicity to Animals 

(a) Acute.— The toxicity of ethyl glycol relative to that of other 
members of the group, as assrased by animal experiment, appears 
to differ according to the method of introduction. By stomach 
tube, according to Laug et al., it is the most toxic of those examined ; 
by Buboutaneous injection, according to Walther (1942), it b slightly 
less toxic than ethylene glycol itself. 

By inhalatioh, the toxicity appears to be low ; in Waite, Patty 
and Yaht's experin^ts (1930) it required 24 hours’ oontinuoas 
exposure to 0-6 per cent, by volume of the vapour (approximately 
saturated mixture) at room temperature to kill the animals during 
the time of ex^sute, or a similar exposure to half-saturated air to 
kin them 24 hours after removal from exposure. 
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The effect on the central nervous system was less than that of 
many other ethylene glycol derivatives, a fact which has been 
attributed to its slight effect in precipitating protein (owing to its 
relatively high surface tension) and its low lipoid partition coefficient. 
On the Wdneys, the effect of large doses by injection or by stomach 
tube is that of acute nephrosis. 

(6) Chronic . — Oral administration of 0-1 to 2'0 c.o. per kg. daily 
to rabbits produced, according to Flury and Zemik, evidence of 
kidney injury, and subcutaneous injection of O-S o.c. per kg. hewi 
the same effect, some animals dying after the seventh injection. 
Testicular lesions (interstitial oedema, and tubular atrophy) were 
more marked with this substance than any other in the long-term 
feeding experiments of Morris, Nelson and Calvery (1942). Inhala- 
tion of 0*14 vols. per cent, for 8 hours daily had variable results, 
but oats died after 4-5 days, the kidneys showing glomerulitis. 

Toxicity in Man 

No definite symptoms of intoxication from the industrial use of 
ethyl glycol have been reported. 

Ethylene Glycol Monomethyl Ethbb (Methyl 
Cbllosolve, Methyl Qlyool) 

A colourless liquid with a funtly alcoholic odour. Boiling 
range 124-125° C. Volatility 34-5 times less volatile than ether. 
It is a good solvent for cellulose acetate and nitrate, and is used in 
the lacquer industry, especially for white lacquer. It is also ttised 
to some extent in America as a solvent for rotogravure inks, in the 
manu fac ture of adhesives, and as a stiffener for “ fused ” collars. 

Toxicity to Animals 

(a) Acute . — By subcutaneous injection, methyl oellosolve appears 
to have a relatively high toxicity, about 2 c.o. proving fatal to 
rabbits, with signs of injury to the kidneys. 

Inhalation of an almost saturated mixture (Flury and Zemik, 
1931) (0’93 vols. per jceat.) proved fatal to some guinea pigs, but 
oats and rabbits recovered. ^ 

(b) Gftronic.— Repeated feeding of 1-2 c.o. per kg. proved fatal 
to rabbits. After repeated subcutaneous injection of 0-5-1 c.o. 
per kg. to guinea pigs and 1 c.o. to rab^ts (Flury and Zemik, 1931), 
albumen, red blood cells and cylinders were present in th© urine. 

Inhalations of 0*08-0*16 vols. per cent, had variable results, 
some animals dying after 10-12 days, all showing evidence of 
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Tovioitff in Mm 

So f«r no ©videnoe of kidney injury from the tu© of methyl 
oeUosolT© in industry has been reported, but three oases of “ toxic 
encephalopathy,” in^oating an effect on the central nervous system, 
have been described, all in the shirt collar industry (Donley, 1938, 
and Parsons and Parsons, 1938). A further examination of nineteen 
workers in the same factory by Greenburg et al. (1938) revealed 
several slighter 'eases of neurological and mental abnormality. 

In the two most sever© oases (Parsons and Parsons) — ^young men 
employed in dipping shirt collars in a fluid containing methyl 
ceSosolve — ^the most outstanding symptom was a change of person- 
ality, from intelligence and quickness to stupidity and lethargy. 
This was accompanied by lassitude, sleepiness, giddiness, severe 
frontal headache, burning and weakness of the eyes, persistent 
dilatation and sluggish reaction to light and accommodation of the 
pupils, genewil hypertonicity of skeletal muscles, hyperactivity of all 
reflexes, moderate ataxia and a positive Rhomberg sign. Both men 
showed loss of weight and some nocturia, and a moderately severe 
ansemia with a high colour index and granulopenia. Both recovered, 
with apparently no permanent damage. 

Of the other nineteen workers examined at a later date, four 
showed the same type of mental retardation, and four others 
abnormal nervous reflexes and tremor of the hands, while ansemia 
of a macrocytic type was present in eight coses. 

A method of estimation of the atmospheric concentration of 
meriiyl oeliosolve has been described by Elkins et cA. (1942), udng 
the differential oxidation by potassium dichromate. The actual 
concentrations in the factory referred to above were 25 parts per 
million with the windows open, 76 with the windows closed. 

Greenburg et al. suggest 26 p.p.m. as the maximum safe oon- 
coatration for methyl oeliosolve. 

ETHTLBisfEi Glycol Monobthyl Ethbb Mokoaobtatb 
(C asLLOsoLVB Acbtatb) 

A colourless liquid with an ester-like odour. Boiling rai^^ 
149^160° C. Volatility — 52 times less volatile than ether. A good 
sdvent for nitrocellulose, cellulose ether and some resins. It is 
used chiefly in the laequter industry. 

to . 

(a) Adtde.-^By subeutaneouB and intravenous injectkm eello- 
solve acetate appears to have about thersame lethal toxioity as 
methyl oeliosolve. It has a paralysing effect on the oentn^ necveus 
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system and a straaiigMr depressant action <m skei^al and ^smooth 
muscle than any other of the glycol derivatives examined^ except 
butyl cellosolve. Subcutaneous injection of laige doses produces 
acute nephrotic lesions in the kidneys. 

Inhalation of approximately saturated air mixtures (20 mg. per 
litre) or of “ mists " of 21-54 mg. per litre produced lieitlwr serious 
systemic effects nor abnormal urinary findings, Imt oats isohsling 
65 mg. per litre developed paral 3 rsiB, cramps, and albuminuria, and 
died after 24 hours (Flury and Zernik, 1931). 

(b) Chronic . — Repeated injections or inhalations appear to be 
feiirly well tolerated by animals . Dogs given subcutaneous injections 
of 8*6 c.c. daily by Wiley, Hueperefol. (1038) showed no symptoms 
of toxicity, but those killed some days after the last injection showed 
some calcium casts, mild nephrotic lesions and some degenerative 
lesions of the testes and brain. Some increase in urinary oxalic 
acid was found, as in the case of ethylene glycol, but not enough to 
account for the lesions found (Flury and Zernik). Inhalation of 
2-6 mg. per litre for 8 hours daily also produced no toxic symptoms, 
though some animals died after 6-9 days, with urinary abnormalities 
and signs of kidney injury. 

Toxicity to Man 

No injury from the industrial use of cellosolve acetate has been 
recorded, 

Ethylbnb Glyooi. Mono-»-Butyl Ether (Butyl 
Obllosolvb) (Butyl Olyool) 

A colourless liquid with a mildly rancid odour. Boiling raqge 
164-182“ C. 

A good but slow solvent for cellulose nitrate and some resins. 
It is used in the lacquer industry for brushing lacquers and for 
reducing the viscosity of lacquers, and also in the textile industry 
as a constituent of the “ wetting out " solution. 

Toxie&y to Animals 

(o) ActUe . — As estimated by subcutaneous injection, butyl 
oeboflolve appears to be the most toxie of all the glyooi derivatives, 
wif^ a rapid paralytic aotaon on the oentral nervous system. It has 
also a strong paralysing e^Bset <m sensory nerve endings which esa 
be experienced by tasting some o the liquid, a burning smuatkm 
fbUowed by numbness of the tongue being produced. . 

Its action on the kidneys jsalso highly toxic, marked hnmotThagio 
and nephrotic changes bring produced by the injection 12*5 e.o. 
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per kg. body weight of a' 60 per oent. aqueous solution (von Gottingen 
uid Jirouoh, 1931). 

Inhalation, however, appears to be well tolerated ; according to 
J'lury and Zemik (1931) concentrations of 10 mg. per litre caused 
only mucous membrane irritation, with no after-effects. 

(6) Chronic . — Bepeated inhalations of 2-6-6 mg. per litre daily 
was relatively non-toxic, but a few animals that died showed 
injuries of the kidneys and liver. 

Toxicity to Man 

Only one case of possible kidney injury has been reported with 
hsematuria, and oasts in the urine, but the exposure of the man in 
question was not definitely exclusively to butyl oellosolve, and 
a month later the urine showed no abnormality (Browning, 1937). 

Ethyubnb Glycol Diethyl Ether (Diethyl Oellosolve) 

A colourless liquid, B.P. 121° 0., which is not very soluble in 
water and is a good solvent for cellulose nitrate and some resins. 
Volatility 29-2 times less volatile than ether. It is used, but not 
widely, in the lacquer industry. From animal experiments it 
appears to have a narcotic effect in high dosage, but injection of 
9-6 c.c. daily into dogs (Wiley, Hueper et al., 1938) produced no 
symptoms of intoxication and no increased urinary oxalic acid. 

Degenerative lesions of the kidneys and a mild degree of degenera- 
tion of liver cells and brain tissue were found at autopsy in dogs 
killed, and in rabbits generalised atrophy of the testes alra. Though 
well tolerated by inhalation with repeated dosage, definite signs of 
kidney injury were found after death. 

' V ' 

Ethylene Glycol Monoacbtate (Solvent G.C.) 

An odourless, colourless liquid, miscible with water or aromatic 
hydrocarbons. B.R‘, 186-196° C. (606 times less volatile than 
ether). Its low volatility gives it only a limited application in the 
lacquer industry ; it is more widely used in the textile industry, for 
printing on fabrics, also in the manufacture of essences and c<Mmetics. 

T&xkity 

' Animal expeiimeitts by the subcutaneous route have shown the 
monoaoetate to have very much the same effect and toxicity as 
ethylene glycol. Injections of 8*5 c.c. daily to dogs, whUe producing 
no aotmd S 3 rmptoms of toxidty, did produce degenerative lesions 
of the kidneys, tei^ and brains It has also about the saihe effect 
as ethylene ^yool in oatusing an jnorease in the ui^ry eEoretidn of 
•oxalio''aoid.'‘ ■ ■ ■ . ■ 
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Dibthylknb Glycol 

A colourless, odourless liquid, more viscous and more hygroscopic 
than ethylene glycol. B.P. 244-6° C. It is used to some extent in 
the lacquer industry and was used (with the disastrous results 
described above) at one time as a vehicle for medicinal preparations. 
It has also been used as a substitute for glyoerine as a hygroscopic 
or “ cooling ” agent for cigarettes. 

Toxicity to Animals 

Both the acute and tho chronic toxicity of diethylene glycol 
appear to be slightly less than thiat of ethylene glycol. It has, 
however, tho same deleterious effects on the lower urinary tract 
with prolonged administration by mouth, producing large laminated 
oxalate calculi in the bladder, but the chronic cystitis accompanying 
them was less than with ethylene glycol. 

In some recent (1946) investigations by Fitzhugh and Nelson it 
produced in 4 per cent, concentration also bladder tumours, showing 
varying degrees of malignancy, hydronephrotio changes in the 
kidneys and moderate liver damage. 

Toxicity to Man ▼ 

The fatal effects of diethylene glycol when ingested have already 
been mentioned. In 1937, 60 deaths occurred in America as the 
result of drinking a sulphanilimide-elixir containing about 72 vols. per 
cent, of diethylene glycol. The symptoms were drowsiness, pallor, 
slight oedema of the face, scanty urine with albuminuria or anuria ; 
later oedema, ascites and coma. 

No effects from its inhalation have been observed. When 
inhaled in the smoke of cigarettes to which it has been added, it 
does not appear to have given rise to any symptoms, not even so 
much irritation of the throat as caused by glycerine (Flinn, 1936). 
* • 

Dibthylbke Bioxidb (Dioxan) 

Dioxan is an anhydrous, oolourless liquid with a faint odour 
like that of butyl alcohol. B.R. of the technical substance 
94-111" C., of the pure product 101-1" C. Its volatility Ues about 
midway between the highest and lowest of the glycol group 
(4*3 times less volatile than bther). It is used in the textile industry 
(for treating artificial silk yam) ; in the lacquer and o^uloid 
industries ; as a paint remover, as a degreaser, especially for wool ; 
as a {tteseirative, frunigant or deodorant, and in the manufatture 
of phanaaoeuricals and cosmetics. 
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Tooncity to Animala 

The effects of subeutaneotis, intraperitoneal and intragostric 
administration to animals do not appear to be similar to those of 
inhalation, though even by this route the effects are relatively slight 
unless high oonoentrations or long exposure or both are used. 

On the basis of subcutaneous injection the toxicity of dioxan is 
relatively very low compared with other glycols tested by the same 
method. Although the lesions found in animals killed after injection 
included degenerative changes of the cortical tubules of the kidney 
and calcified debris in the pyramidal tubules, these effects do not 
appear to be due to the formation of oxalic acid, since none of the 
animals showed any increase in urinary oxalic acid excretion (Wiley, 
Hueper et at., 1938). 

By inhalation, the results show a striking differesioe according 
to the length of exposure. In an investigation by Yant and 
oo-workers in America in 1930, single exposures of 3 hours or more 
to 3 per cent, conomltration were used. These produced narcosis 
and finally respiratory failure, but lesions of the kidneys or liver 
were not significant. In the investigations by Fairley e( oZ. in 
England in 1933-4, lowei^ non-lethal concentrations (1 in 600 and 
1 in 1000) were used over long periods, and marked changes were 
found in kidneys and liver. 

By inhalation also dioxan has a marked irritative effect on 
mucous membranes, conjunctival, gastric and pulmonary. Though 
producing no irritation of the skin, it can be absorbed by the akin, 
lesiiHW ’of the kidneys having bemi observed in animals after 
application. 

Toxici^ to Man 

The five fatal oases among workers in an artificial silk factory 
•#hioh ooouned in 1938 have apparently been the only instances of 
industrial injury by dioxan, and it is now known that the exposure 
had been exceptionally high for two months before the onset of 
symptoms. All five died, with anuria, ursemia and coma, within 
a Iwtnight of the appearance of symptoms of “ stomach trouble,” 
and it was later found that others of the 80 men employed had 
suffoiedl fstm nnrilar gastric disturbance. Though none-had shown 
jaundiee, it haa bean suggested (Estleri 1936) that these eady 
symptoms were an indiestioa of the liver involvement suhsequently 
revealed at autopsy. ^ ^ 

These lesions oS tha JLvar vece idmrao^^ unlfiia the 

degeneration or yeUow atrophy found udth other UvUr imisMu, suck 
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as alcohol or chloroform ; they oonsisted of acute necrosis of the 
inner half, or often two^thirds, of each lobule. 

The kidneys showed a very acute hscmorrhagio nephritis. 
Whether these fatalities were due to severe chronic poisoning, a slow 
cumulative effect brought to a climax by the two months’ unusually 
heavy exposure, or whether they were due to acute poisoning by 
repeated short, heavy exposures is not clear, but some authorities 
have stressed the “ unsuspected and insidious long range effect.” 

Teteahydboftjran (Dibthylbnb Oxide) 

A colourless liquid of etheric odour miscible with water and 
alcohol, soluble to some extent in olive oil. Its volatility is relatively 
higher than that of dioxan (2*8 times less volatile than ether). It 
is used chiefly as a solvent for lacquer, and has been suggested for 
use in destroying the apple moth. 

Toancity to Animah 

Tetrahydrofuran is the most highly narcotic of the glycol 
derivatives, producing a moderately severe irritation of skin and 
mucous membranes, and in fatal doses has an injurious effect on 
the kidneys. 

Aevie Toxicity . — ^The fatal dose by ingestion in rabbits is about 
the same as that of ethylene glycol, but smaller doses cause narCotio 
symptoms and irritation of the gastric and intestinal membranes, 
as well as injury to the kidneys and liver. Inhalation of 60 mg. /I. 
(1*7 per cent.) caused marked narcosis and most of the experimental 
animals died after a single inhalation of 400 mg. /I. 

Chronic ToxicUy . — Considerable injury to the kidneys was caused 
by repeated inhalation of 10 mg./I. (Lehmann and Mury, 1943). 

Dibthylenb Glyool Monobthyl Ethke (Cabbitol) 

A colourless hygroscopic liquid, miscible with water. B.R., 
technical product 180^200° C. ; pure 198® C. It is a good solvent 
for oellulofle nitrate and is of relatively low volatility (907 times 
less volatile than ether). It is used chiefly in the textile industry 
and in dye printing. 

T/QsHoi^f to AnimaU 

By subcutaneous injection oarbitol appears to have about the 
saaM toxicity as diethylene glycol and oeUosolve ; sightly lees than 
ethylene glycol. 

Inhalation is well tolerated ; Lehmann and Flury (1948) obswved 
ho to animals inhaling alm<Mt saturated concentrations for 
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Large doses of carbitol produce tlie same degenerative and 
nephrotic effects on the kidneys of animals as other glycol derivatives. 
No injury to human beings has yet been reported. 

Diethylenb Glycol Mono-»-Butyl Ethbe (Butyl Carbitol) 

A colourless liquid of mild odour. B.R. (technical product) 
16d-230° C. It is a solvent for cellulose nitrate and is used chiefly 
as a “ wetting out ” solution in the thread industry. 

No animal experiments on this substance appear to have been 
carried out. Only one suspected case of injury from exposure has 
been reported, a case of haematuria reported to the Home Office in 
1934, but since butyl cellosolve had also been used the association 
with butyl carbitol is not definitely proved. 

Pbopylbnb Glycol (1-2 and 13, Dimbthyl Glycol) 

A colourless, odourless liquid miscible with water and alcohol. 

The 1*2 variety has a B.P. of 188-9°, the 1-3 variety 214°. 
Propylene glycol has not been used as an industrial solvent, but is 
suggested as a solvent for pharmaceutical purposes. It is also 
used, especially in America, as an aerosol. Its low toxicity, as 
compared with other members of the glycol group, has been con- 
firmed by many animal experiments. Neither by oral introduction, 
subcutaneous administration nor inhalation has it produced ill 
effects, except in very large doses. 

Replacement by it of a proportion of the diet of rats even 
produced an increase in weight, suggesting that it could be utilised 
as a source of energy, and it was not until it represented 48'6 per 
cent, of the calorie content of the diet that fatal intoxication occurred, 
with post-mortem appearances of kidney and liver injury. 

Subcutaneous injection of 1 c.o. per 1^. 5 times a day in rabbits 
caused albuminuria, and the lethal dose by subcutaneous injection 
for mice was 6 gm. per kg. body weight (Lehmann and Flury, 1943). 

Its low toxicity appears to be due to the ease with which a large 
proportion of it is converted in the body to lactic acid. 

Peopylbnb Glycol Monobthyl Ethbr 

A colourless liquid miscible with water; B.P. 129-36° C. 
Volatihty about 66 times 1^ than that of ether. It is a solvent 
for cellulose esters and is used to some extent in the lacquer hodustry . 

Toxmty to Animals 

ISus substance appears to be dightly irritating to the eyes and 
respiratory organs, but inhalation of 10-30 mg./l. for 1 hour was 
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well tolerated, and 6 mg./l. inhaled for 8 hours daily produced 
only moderate kidney injury. 

No oases of toxicity in human beings has been reported. 

Butylene Glycol 

A colourless liquid of sweetish odour, miscible with water and 
alcohol, insoluble in oils. B.P. 185-96“ C. It is used as an inter- 
mediate in the synthetic rubber process, as a lubricant for special 
purposes, and has been suggested as a substitute for glycerine in 
the cosmetic, paper and textile industries. It is not used as a lacquer 
solvent. 

Toxicity to Animala 

Butylene glycol appears to have a low toxicity ; in high doses 
it is a weak narcotic, and an agent of kidney injury. According to 
Lehmann and Flury (1943) the lethal dose by ingestion for rabbits 
is 16 gm. per kg. The kidney lesions consisted only of oedema 
and congestion. 

Butylene Glycol Methyl Acetate (Butoxyl) 

A colourless liquid of somewhat acid odour, miscible with water 
and olive oil, soluble in water to the extent of 8 c.c. in 100 c.c. water 
at 20® C. Volatility, 75 times less volatile than ether. It is a 
solvent for lacquer. 

Toxicity to Animala 

According to Lehmann and Flury (1943), except for moderate 
irritation of mucous membranes when inhaled at almost saturated 
vapour-air, butoxyl is practically non-toxic by ingestion, sub- 
cutaneous injection or inhalation. 
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SOME ASPECTS OF MODERN ALGEBRA 

By OLQA TAUS8KY, D.Phu,., M.A., anb JOHN TODD. B.So. 
l)ep<trtmmt 0/ King'ii London 

iNTBODUCnON. 

Abodt a hundred years ago there was a very strong British School 
in Algebra. It is enough to mention that Hamilton (180&-65), 
Sylvester (1814-97), Boole (1816-64) and Cayley (1821-95) were 
active at that time and played an important part in laying the 
foundations of modem algebra. Since then, until quite recently, 
interest in the subject in this coimtry seems to have declined in 
favour first of appUed mathematics, under the influence of Kelvin 
(1824-1907), Clerk Maxwell (1831-79), Stokes (1819-1903), and 
Rayleigh (1842-1919), then analysis (including analytical number 
theory), geometry and the geometry of numbers. There were, 
nevertheless, a few notable algebraists like Clifford (1846-79), Bum- 
side (1862-1927) and A. Young (1873-1940). The centre of develop- 
ment moved to the continent at the time of Diriohlet (1806-59), 
Grassmann ,(1809-77), Kummer (1810-93), Kroneckor (1823-91), 
Dedekind (1831-1916), Frobenius (1849-1917), Steinitz (1871-1928) 
and I. Schur (1876-1941). During the last few decades Emmy 
Noether (1882-1936) exerted a great influence on the unification of 
algebra which has been felt throughout the world. 

"the recent revival in the study of algebra in this country has 
been due on the one hand to a new realisafjon of its intrinsic interest, 
and on the other to various external causes. For instance, it is on 
reotml that, during the First World War, Professor G. H. Bryan 
(1864-1928), when on the staff of a Government Aeronautical Estab- 
lishmmt, did his best to convince his Director that what was 
reqoiind was not more men and not more guns but more algebraists ! 
Soon afterwards the theoretioal physicist was calling out for non- 
oomomtative algebras and more recently geneticists have been 
adking for non-assooiative algebras. Algebraic geometers and 
topologists, among other types of pure mathematicians, now find 
a nfMwprehengi ve knowledge of algebra indispensable. The world- 
widio malisation of the extefoisive ramifications of algebra has 
spread to this country and has had its effect on University appoint- 
mmMi- . ^9 :n<yw have actual or potential schools of algebra at, 
aiiiong Other places, St. Andrew’s, Edinbui^h, Manchester, Cam- 
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bridge and Oxford, and we can look forward to a flourishing British 
School. 

It appears appropriate at this time to recall the ground from 
which modem algebra hae sprung and, at the same time, to indicate 
some of the types of result of which it is made up. It is hoped that 
this will be of interest not only to those working in abstract algebra 
who are not familiar with its concrete background, but also to 
those who are not yet convinced of the importance of this subject 
or consider it unsuitable for imdergraduate courses. It is far from 
our purpose either to outline a syllabus for such courses or to 
attempt to survey the whole subject. All we do is to remark on 
four of the basic ideas in algebra : fields, groups, rings, ukala ; we 
use for illustrations results from some of the topics which have 
interested us personally at one time or another. Among these 
topics we have chosen such as are suitable for expository purposes 
and are comparatively unfamiliar in this country. 

1. FIKLD.S AND GrOOTS 

Until about a hundred years ago algebra was simply the theory 
of equations. From this there developed fii-st the abstract concepts 
of fields and groups. The interest in this aspect arose out of the 
desire to determine the roots of equations, and to find when these 
roots could be expressed in terms of the coefficients, using only the 
rational operations of addition and multiplication, and their inverses, 
including the extraction of roots. From the geometrical stand- 
point there were related problems of the constmotion of regular 
polygons by Euclidean methods. Problems of constructions, using 
only straight-edges and dividers, led to interesting developments 
later. 

Algebraic Numbers and Number Fields . — A root of an algebraic 
equation of the form 

-f -f . , . 4- o„_ja: -f « 0 (1) 

where the coefficients are rational numbers is called an algebraic 
number. It can be shown that corresponding to a given algebraic 
number there is a unique irreducible equation (of the forin (1) 
with Oo = 1) wliioh it satisfies. (Irreducible here means that the 
polynomial cannot be expressed as a product of (not constant) 
polynomials with rational coefficients. ) The other roots of this equa- 
tion are called the congugeUes c£ the given number^ It has been found 
that, without actually knowing the roots of an equation, a con- 
siderable amount of interesting information about them can be 
obtained. In particular we can find the equatimi satisfied by 
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a given rational function (with rational coefficients) of any root. 
The set B(a) of all rational functions (with rational coefficients) 
of any algebraic number x is called the field generated by that num- 
ber. The fields generated by the conjugate numbers are called 
the conjugate fields. We can immediately distinguish a special 
class of algebraic equations, those of which all the roots generate 
the same field. Such equations (and the corresponding fields) are 
ccdled normal. For instance, any quadratic equation is normal and 
so is a:* + +**+* + 1 = 0, but ** — 2=0 is not normal, 

since the field generated by ^3 contains real numbers only while 
those generated by the other roots contain complex numbers. 
The results obtained in the study of normal equations lead to results 
in the general case, because it can be shown that corresponding to 
any algebraic number a there is a normal equation such that the 
field R{/3) generated by (any) one of its roots /J contains R(a) as 
a sub-field. Moreover, if the equation for a is given the irreducible 
equation for can be found and a expressed as a rational function 
of-^, all this without the knowledge of x. 

Abstract Fields. — ^The fields generated by algebraic numbers are 
only special realisations of abstract fields. By an abstract field we 
understand any set of elements for wliich two binary compositions 
" addition ” and “ multiplication ” are defined in such a way that 
(1) both addition and multiplication are associative^ (2) addition is 
commutative, (3) addition is distributive with respect to multi- 
plication, (4) there is a “ zero element ” and a “ unit clement,” 
(6) “ subtraction ” and “ division ” (except by “ zero ”) are possible. 
The rational numbers, which can be denoted by R(l), the real 
numbers which we denote by R and the complex numbers which we 
denote by C all form fields. Neither R nor C is an algebraic number 
field, for any such field contains only a countable set of elements, 
while R and C are more than countable. Fields exist which contain 
only a finite number of elements; these are of interest in the 
foundations of geometry. They are known as Galois fields. It 
can be shown that in them multiplication is necessarily commuta- 
tive, Giat they must contain p' elements where p is some prime 
number and r some positive integer, and further that there is only 
one ficM with p** elements. Any infinite field must either be modular 
(i.e. pa a> 0 for some prime p and all elements o) or contain a sub- 
field MomorpAic with R(l). That is. to say a (1-1) correspondence 
oan bo set up between the xationid numbers a, 6, . . . and certain 
efements a', b\ , . . of the field in such a way that to a + b and 
a X A there corresponds a' 0 6' and a' ® b', where 0 and ® denote 
the oompositaons in the field. 
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Abatract Orotipa . — ^Another important oonoept is that of an 
abstract gnmp. This is a set of elements for which one binary com- 
position, usually called “ multiplication,” is defixked. (Occasion- 
ally, more especially when the composition is commutative, it is 
convenient to think of it as “ addition ” and we then speak of an 
” additive group ”.) We require that the composition should have 
the following properties : (1) associativity, (2) the existence of 
a unit element, (3) the existence of an inverse element with respect 
to the unit element. A group in which the composition is com- 
mutative is called abelian after Abel (1802—29). A field can therefore 
be described as an additive abelian group in which all the non-zero 
elements form a multiplicative group, the two compositions being 
linked by the distributive laws. 

The number of elements in a group is called its order. Groups 
exist which have any finite number for order and, indeed, there 
may. be many “ distinct ” (t.c. non-isomorphic) groups with the same 
order. There are two groups of order 4 and two of order 6, but 
there is only one group of order p, p being any prime number. 
Groups of infinite order exist ; some with countable order play an 
essential part in the theory of automorphic functions, while some 
whose order is that of the continuum are of interest in other branches 
of analysis, for instance in the theory of differential equations. 

The theory of finite groups, althoiigh introduced in view of its 
applications in the theory of equations, has been developed tre- 
mendously for its own sake apart from its applications to the theory 
of algebraic numbers and elsewhere ; many outstanding results 
have been obtained and many attractive problems revealed. 

Mepreaentation of Groupa . — ^Every finite group and a large class 
of infinite groups can be represented by an isomorphic group of 
finite matrices, that is v^e can associate with each element of the 
group a matrix in such a way that to the product of two elements 
there corresponds the matrix which is the product of the matrices 
representing the two elements. Although this has been long 
ffuniliar, it is only quite recently that some quite old conjectures 
have been established ; in parti<mlar, one due to Schur, wMch was 
that every finite group of order n has for its “ irreducible ” repre- 
sra.tation matrices whose elements all lie in the field generated by 
the nth roots of unity. 

A special type of representaticm, always possible in the case of 
finite groups of order n, is by means of the permutations of n objeotst 

A recent new appHoation of groups of permutations has been in 
the detomination of the relations of implioBtUm between various 
specialisations of the Axiom of Choiee; 
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Gahis &rottp.-— The study of groups, like that of i^ds, did not 
start off by consideration of the abstraot concept. Realisations 
occurred in many branches of mathematics, for instance, as groups 
of trmisformations or groups of permutations. This remark leads 
us back to the theory of equations. It is probably true that the 
introduction here of group theoretioal ideas, due to Galois (1811-32), 
was one of the most important stages in the development of mathe- 
matics. Some algebraic fields can be mapped upon themselves 
in a (1-1) manner in such a way that algebraic operations are 
preserved — ^these mappings are oall^ avtomorphiema. Suppose that 
* 1 , a root of f(x) = 0, generates the field and that «„ a*, . . . , 
a„ are its conjugates. Consider any automorphism of the field, 
let tti' correspond to ai. Then, by definition of automorphism, to 
any rational function A((Xi) of aj there will correspond h{a.i), and 
in particular to /(a,) there corresponds f{a.i). Since /(a,) = 0 it 
follows that f{a.i) = 0, that is to say aj' is another root oS f{x) = 0. 
It is now clear that in the case of a normal equation the field in 
question has exactly n automorphisms and it can be shown that 
they form a group, called the Oahis group, of /(*) = 0, which arises 
as a group of permutations of » objects. When the field is not 
normal the Galois group is defined by means of the smallest normal 
field in which it is contained. It is stiU expressed as a group of 
permutations of n objects. 

The introduction of the Galois group enables us to classify 
equations of the same degree according to the structure of this 
group. The moat significant results are obtained by examining 
the sub-gipups of the Galois group. These sub-groups are in a (1-1 ) 
correspondence with the sub-fields of the field. The fact that a par- 
ticular sub-field is normal is equivalent to the normality or self- 
oonjugacy of the corresponding sub-group. A normal or aelf- 
coi^ugaU sub-group of a group G is a group H contained in G which 
is identical with all its transforms, i.e. the sets of elements of the 
form T8T" for all S in H, for all T in G, This concept is of the 
highest importance. In addition to the Galois group as defined 
above we introduce the Galois group of a normal equation whose 
coefficients are in an algebraic number field A, with respect to A. 
This is the group of those automorphisms of the root field which 
leave eveny element of the coefficient field A invariant. Among the 
interesting quwtions here is whether a given group is a Galois group 
wK^ respect to a given coefficient fi^d. This problem is not yet 
s<fived. An important oontributicHi wae made by Emmy Noether, 
and recently A. Sohok (1804-42) proved that every p-group, 
t.ev« grodp whose mtder is the power of the prime numbir p, ooours 
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as a Galois group. Kelds whose Galois group is abelian are of par- 
tionlar interest. If the coefficient field is that of the rational numbers 
such fields are all contained in fields generated by roots of unity. 

Soluble. Qrofwps. — A group G is said to be soluble if an “ ascend- 
ing chain ” Go, Gj, . . ., G„ = G of groups exists, bepnning with 
the group Go consisting of a unit element only and finishing with the 
group G itself, each group being a normal sub-group of its suc- 
cessor and the order of each G,.+i being a prime number multiplied 
by that of G,. In particular it can be shown that every p-group 
is soluble. A group is said to be simple if it possesses no proper 
normal sub-groups. Both these concepts are important in the 
theory of equations. For instance, those equations whose roots 
can be expressed in terms of radicals are completely characterised 
by the fact that their Galois group is soluble. It is well known that 
the general equations of degree four or less can be solved in this 
way. However, as the Galois group of the most general quintic is 
the symmetric group S* of all the permutations of five objects, 
which is not soluble (its only normal sub-group is the corresponding 
alternating group which is a simple group of order 60), such an 
equation cannot be solved in this way. Nevertheless, it may be 
possible to deal with a special quintic, for its Galois group may be 
a soluble sub-group of Sj. 

Infinite Groups . — There are many purely algebraic problems 
concerned with infinite groups which remain open, although recently 
the study of topological groups (when we introduce some notion of 
distance between their elements) has attraote<l< most attention. 
Among these problems some of the most difficult are those of deter- 
mining when a group, possibly infinite, is actually infinite. 

Some abstract groups can be defined by saying that they are 
generated by certain elements subject to certain relations. For 
instance, the group generated by a single element T subject only 
to T** = 1 is the cyclic group of n elements of which a realisaticm is 
the multiplicative group of the nth roots of unity. Again the 
group generated by 8 and T subject to S* = T* =« (ST)* =« 1 can 
be regarded as consisting of the six “ words ” 1, S, T, T*, ST, TS. 
Any other word formed from the letters 8 and T can be reduced to 
one of these in virtue of the given relations. This group can be 
realised as the group Ss of the permutations on three objects or as 
the group of symmetries of an equilateral triangle. Now consider 
the group generated by S and T which satisfy S* =« T* «=* 1. This 
is of-infinite order, since the " modular group " of all bilinear trans- 
formations of the form ^ {flx -f b)/{tsx -|- d), where a, b, c, <2 aim 
integers satisfying ad be 1, can be generated by two suoh 



SOM® ASPECTS OF MODERN ALOBBEA 


259 


elements and is manifestly of infinite order, as it contains all the 
transformations y = a: + n forn = 0, ± 1, ± 2 The trans- 

formation t/ =* — 1/* corresponds to one of the generators and 
y = — (ar -f. l)/x to the other. 

An outstanding problem is that of Burnside : determine whether 
a group having a finite number of generators and of which each 
element X satisfies X** = 1 for a fixed value of n is of finite or infinite 
order. At the moment only a few special cases of this problem 
have been solved. 

Lattices . — ^The theory of lattices has thrown a new light on _ 
various branches of pure mathematics, for instance on the structure 
of groups. A hitice is a set of elements provided with two binaiy 
compositions “ join ” and “ meet ” which are denoted by and <->. 
Each of these corapo.sition8 is idempotent {i.e. the join or meet of 
an element with itself is just that element), commutative and 
associative. The compositions are linked by “ absorptive ” laws 
a rs (a b) — a and a ^ [a b) — a. 

It is clear that this system of postulates involves join and meet 
symmetrically, and it follows that to each result in the theory there 
is a “ dual ” one which requires no proof further than the present 
remark. This situation is familiar in projective geometry. The 
study of projective geometries can be regarded as a study of lattices 
of a special typo. 

The set of all sub-classes of a given class can be thought of as 
a lattice where the join of two sub-classes is that containing all 
elements belonging to one or other (or both) and their meet the sub- 
class containing all elements belonging to both. It is easy to verify 
that the various postulates are satisfied. Another example is the 
set of all sub-groups of a group, and yet another is the set of all 
sab-fields of a given field. The (1-1) correspondence between sub- 
groups and sub-fields mentioned earlier can be. expressed as one 
between the lattice of sub-groups and the dual lattice of the sub-fields. 

An alternative approach to lattice theory is by way of the idea 
of “ partial order.” A 83 rstem is parUalljf ordered if there is a binary 
ration > ” between (some paiie of) its elements which is such 
that (1) a > a for all a, (2) a > 6 and 6 > a imply a =sb, and 
(8) a > A and b>c imidy a>e (transitivity). The idea of 
bounds can be introduced in such a system. A lattice is then 
a partially ordered system for which every pair of elements has both 
9 > greatest lower bound (their meet) and a least upper hound (their 
join), both elements of the system. 

Ordered Fields and Positive D^nite Forms ; Vedvations . — ^The 
theory of abstract fields, in the same way as the abstract theory of 
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groups, unified various aspeots of the subjeot and made possible 
the solution of problems inaooeseible to more concrete methods. 
A classical problem, enunciated by Hilbert (1862-1943) at the Paris 
Congress of 1900 and which appeared out of reach of the mathe- 
matics then current, was the following : 

Can a positive definite form of degree 2m, in n variables, be 
expressed as the sum of squares of rational functions with rational 
coefficients ? 

It was then known that the answer was in the affirmative (even 
if we replace rational function by form) when « = 1, 2 for any w, 
when » = 3 for m = 1 or 2 and for any n when m = 1 (this is the 
familiar case of the expression of quadratic forms as sums of squares). 
In all other cases, e.g, when « = 3, m =» 3, it was known that there 
were forms which could not be expressed as the sums of squares of 
forms. The general question was answered affirmatively some 
twenty years later, using the concept of totally positive elements 
in ordered fields. 

The idea of “ order ” does not apply directly in abstract fields, 
and from a certain point of view, is foreign to algebra if this is 
regarded as the study of invariants of isomorphisms. However, if in 
a field F we can distinguish a class F+ of elements, called “ positive,” 
such that if a 3 ^ 0 then* either a e F+ or — a s F+ and such that 
F^ is closed under addition and multiplication, we can develop 
a theory of order. For instance, we say a > 6 if a — 6 e F+. It 
is easy to show that in an ordered field a sum of squares Suf* is 
always non-negative and is only zero if every is. The field R of 
real numbers with the ordinary definition of positive is ordered in 
our sense. It is easy to prove that the field C of complex numbers 
cannot be so ordered. 

Different classes F^ for a given field give rise to different order- 
ings of it. Nevertheless, all such classes F+ include the sub-dass 
of F isomorphic with the class of positive rationale. 

An ordering is said to be arcMmedean if for every a there is an 
integer n « n(a) > a. Otherwise it is non-archimedean and in this 
oase we have, so to speak, infinite elements, both small and large. 

A notion related to that of order is valuation ; this is of oonsider- 
able importance in algebraic geometry (resolution of singularities). 
A vahutUm of a field F is a non-negative fimotion ||a;||, defined for 
all elements of F, vmiidiing if and only if * = 0, and sahhfyhig 

Wl-fWIIlyll 
ll» + y|t<NI + llyH 

*< denotes, as usual, belongs to ” or ** 
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It can be proved that there are essentially only two types of 
valuations possible for the field B(l). The first, which is archi- 
medean, is the case when we put, for a fixed 0 , 0 < g 1, 

for the rational number r. The second, in which the triangle in- 
equality is satisfied in the stricter form 

II* + y|| < max. (11*11, llyll) 

is non-arohimedean and gives rise to the p-adic numbers of Hensel. 
Corresponding to a prime number p and a fixed number 9, 
0 < 6 < I we define 

||r|| = 

where r =ipm/t and «, t are integers not divisible by p, n being 
an integer, positive, negative or zero. 

It is easy to show that if — 1 is a sum of squares so is every 
element. In fact, if — 1 = then for any a 

a = (i(l -f- a))* + - a))* 

Let us call the minimum N such that — 1 is the sum of N squares 
in F the index of disorder of F. In particular the index of disorder 
of C is one, for — 1 = t* and t c C ; that of R( V — 2) is two, for 

— 1 = (V — 2)* + 1*, that of R(V — 7) is four, for 
~ 1 = (V - 7)* + 2* I* -f- 1* 

and in each case no sliorter representation is possible. The question 
arises as to whether fields exist which have any given integer as 
an index of disorder, and if this is answered negatively we can 
enquire as to what integers are possible indices. Three cannot be 
an index of disorder, for if — 1 = a* -f 6* -f c*, then 

d = (o -f- ftc)/(a» -f 6*), « = (& - oc)/(o* 6*) 

we have — 1 = d* -f- e*. It cam be shown that all algebcaio number 
fidds have either 1 or 2 or 4 as indices of disorder. 

The concept of “ reality ” is not applicable to an abstract field. 
Bowever, the fact that — 1 is not a sum of squares in R suggests 
a definition of a “formally real “ fesld as one in which — 1 is not 
a sum of squares. Certa^ anomalies arise irom this definition, 
the field generated by a complex cube root of — 2 is formally 
teal, but in spite of them the definition has turned out to be ^ 
great value. * . 

ikn element of a field is said to be “ MaUy positive ” if it is posi- 
tive in every ordering of the fi^d (if the field cannot be ordered all 
eltmmita are considered totally positive). It can be shown that all 
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orderings of an algebraic number field can be obtained by mapping 
it isomorphically on its real conjugate fields endowed with their 
natural order. This enables us to define a totally positive element 
in such a field as one whose conjugates in all real conjugate fields are 
positive. The concept of totally positive was introduced by Hilbert 
in his Grundlagen der Oeometrie in connection with his investigation 
of constructions possible by means of a straight-edge and dividers. 
The corresponding analytical formulation is the formation of 
expressions by rational operations and by taking the square root 
of sums of squares. 

The affirmative answer to Hilbert’s question can be obtained 
from the following two facts : (1) a totally positive element in a field 
is a sum of squares, and (2) a positive definite function is a totally 
positive element in the field of all rational functions of n variables. 

2. Rinos and Ideals 

We have just seen how certain aspects of the theories of equations 
and of algebraic numbers led to the introduction of the abstract 
concepts of fields and groups. Considerations of the arithmetic 
aspect of these theories suggest the introduction of rings and ideals. 

Algebraic Integers ; Abstract Rings . — Exactly as we distinguish 
the (rational) integers 0, ± 1, ± 2, . . . among the general rational 
numbers we distinguish the algebraic integers in any algebraic 
number field. An algebraic number is called integral if its equation, 
when the leading coefficient is unity, has aU its coefficients (rational) 
integers. Any algebraic number can be expressed as the quotient 
of two (algebraic) integers. The sum, difference and product of 
two integers are again integers but, in general, their quotient 
is not integral. A system of elements, closed under two com- 
positions, “ addition ” and “ multiplication,” of which the first 
is reversible, is called a ring. A ring has a zero but not necessarily 
a wnit, as is shown by the consideration of all even rational integers 
with their ordinary compositions. Usually we regard the " multi- 
plication ” in the ring as a commutative operation and this will be 
understood unless we speak explicitly of a non-commutative ring. 

The study of arithmetic in algebraic number fields is of the 
greatest importance, for instance, because many rraults about 
rational integers ' can only be completely explained by considering 
the corresponding facts in certain algebraic number fields. For 
instance, there is very ofbmi no obvious reason for the exceptional 
rdle which the prime number 2 plays in many parts of elmx^tary 
number theory. This can often be explained by the fact 
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numbers of the form 1 — where is an nth root of unity, are 
exceptional in certain problems of algebraic number theory ; 2 is 
of this form. Another instance is the well-known “ quadratic law 
of reciprocity.” Although many entirely elementary proofs of this 
have been given, they aU seem unsatisfying and artificial in some 
respect or other. There is, however, a proof depending on algebraic 
number theory which is most revealing. 

Ideals. — The peculiar difficulties which were brought along by 
the study of algebraic integers well repaid study, and the new con- 
cepts which it was found necessary to introduce opened up fresh 
possibilities in the theory of abstract rings. These difficulties reside, 
for the most part, in the following two facts : 

(1) In many algebraic number fields it is not possible to express 
all numbers uniquely as the product of ” prime ” numbers belonging 
to the field. A standard example is in R( -v/ — 6 ) in which 
2, 3, and V'( — 6) are “ prime ” but where we have 

6 = 2.3. ={-V-6)(+ V-fi) 

(2) In most algebraic number fields there is an infinity of unities, 
i.e. integers whose reciprocals are also integers. For instance, in 
R{V2) all the numbers ± (1 -f V 2)=*^” for » = 0, 1, 2, . . .are 
unities. 

The first of these difficulties led to the introduction of ideals, 
a concept also of the highest importance in the general theory. 
An ideal in a ring is a sub-ring which contains with any element all 
products of that element by elements of the original ring. In the 
case where the ring contains a unit the multiples of a given element 
form an ideal, the principal ideal generated by that element. There 
are rings in which every ideal is principal ; these are called principal 
ideal rings. It is not always easy to determine whether a given 
ideal is principal or not. Among the ideals of a ring one of the most 
important is its radical. This is the largest nilpotent ideal, t.e. the 
largest ideal for which there exists am integer n such that the product 
of any n of its elements is zero. The radical of R or C consists of 
0 only. Some less trivial examples ate mentioned below. 

* In the case of a non-commutative ring w« cam consider sub- 
rizigs olosed under multiplication on the left, on the right or on 
either side and so define left~, right- or two-sided-ideals. The intro- 
duction of one-sided ideads is essential if we wish to obtain, for 
general rings, auiequate generalisations of some of the results of 
algehroio number theory, in particular those concerned with “ chain 
conditionB.” 

I%ie sum of two ideals is defined as the smallest ideal containing 
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both ; their product is the greatest ideal contained in both. The 
set of all elements in the ring and that consisting of the zero element 
alone form ideals which can be regarded as the greatest and least 
elements in the lattice formed by all the ideals. 

A new method in algebraic number theory has been found 
recently. It depends on an application of matrix theory to develop 
ideal theory. This is an instance of the way in which matrix theory, 
one of the oldest tools in modem algebra, again and again finds 
now applications and sheds fresh light on current problems. 

Applications of Group Theory. Class Field Theory.-— Qvonp 
theory again plays an important part in the ideal theory of algebraic 
number fields. The Galois group and certain of its sub-groups, 
called the Hilbert sub-groups, play a large part in determining how 
the rational prime numbers, or rather the corresponding principal 
ideals, can be expressed as products of the so-called prime ideals 
in normal fields. One of the most important results, the Principal 
Ideal Theorem, has so far only been proved by means of the theory 
of finite non-abelian groups. The real significance of the intro- 
duction of non-abelian ideas into a theory which appears entirely 
commutative has not yet been discovered. Tins theorem for long 
remained a conjecture ; it was first shown by Artin that it was 
a consequence of a certain proposition in group tlieory, of a type 
rather different from those then available. At last, after special 
tools were devised (which, incidentally, have greatly enriched 
abstract group theory) several ways to establish the proposition 
have been found ; the first proof was given in 1929 by Furtwhn^r 
(1865-1940). It appears that there is as yet no direct proof of the 
Principal Ideal Theorem itself. 

The Principal Ideal Theorem is one of the outstanding facts of 
Class Field Theory, the most im}>ortant branch of modem algebraic 
number theory. It deals with algebraic number fields which have 
an abelian Galois group with respect to one of their sub-fields. 
These fields have been mentioned earlier. Interest in Class Field 
Theory was initiated by Hilbert, who not only made substantial 
contributions but also set up a list of conjectures— one of them the 
Brincipal Ideal Theorem — which kept mathematicians busy for* 
a long time. Recent work on the axioms satisfied by valaationB 
has revealed a completely new approach to Class Field Theory and 
may influence the whole of algebraic number theory. 

Hypercomplex Spetems. — ^An important special class of rii^ 
(possibly not commutative) are those known as hpporcompkx 
systems or as algebras. They have a finite base with respect to ' 
a field, t.e. each ehmmt can be expressed uniquely as a linear 
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oombiiiationv Avith Ooefficients from the fieldj of a finite number of 
fixed elements. Any algebraic number field can be regarded as 
a hyperoomplexuystem with ll(l) as the coefficient field. The most 
familiar systems are those which have as coefficient field not 'B(l) 
but R, the field of all real numbers. -In this case a system witii 
n base-elements can be regarded as a set of vectors in an n-dimen- 
sional space with a multiplication law determined by that for the 
base, addition being defined by the addition of components. As 
special oases we mention (1) R itself, when there is one base element ; 
(2) C when we have two base elements 1, t with t* = — 1 ; (3) D, 
the dual numbers, which again have two' base elements 1, e with 
e* »= 0 ; (4) Q, the quatemions which have four base elements. 
In all these oases we have associative multiplication ; the best- 
known example of a noh-associative idgebra is that of the Cayley 
numbers, which have 8 base elements. 

BepreaerUaHona . — ^Hyperoomplex systems which are associative 
can be represented isomorphioally by rings of matrices. This fact, 
in the case of complex numbers, is used to introduce them in one 
of the standard text-books on complex variable theory. To ® -f 

— y x)’ hypercomplex 

system, which has n* base elements, denote by where », j each 
run from 1 to n, and where is defined to be zero and 

tO' be Cy when j == k, can blearly be represented by associating with 
each base dement e^y the n x n matrix which has all its elements 
zeros except that in the ith column and jth row which is 1. This 
system is called the totuB matrix algebra of order n. 

'Hie representation by matrices of a group-ring provides a link 
between those for groups and those for hypercomplex- systems. 
A group-ring is a hypercomplexxsystem whose base consists of the 
elements of a group with the product of elements defined accordingly. 

p show the significance of group-hings we 

sdect an example ftom Galms theory. This example involves the 
idea of “ operators,” a concept of -first-rate importance especially 
in the offlaneoticm' of *' groujps With 'Operator.” An operate O for 
a yrettp 0 associates with an dement « of G another element of G 
which can be denoted as or or Oo in sueh a way that we 
if G is a mhhipheative^^^^g^ 

Oty in the of an^ ^ 

Oh . , - 1 , 

Consider a group G and a class jO of operators O. Let y be 

T 


there corresponds the matrix 
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ft sub-^group of G. If 0(ft)« g for all a e 9 and ifior all G « fi) we saj tha,t 
{T is an aMowable s'ub-gK&ap with respect to Q. For instanoe, if we 
take Q as the aidditive group of a ring it is olear that all the elements 
of the ring can be regarded as operators for 6 if we consider them 
as multiplierai In this case, the allowable sub-groups turn out to 
be the ideals of the ring. Another example is the case of a group 
having for operators its t»»er automorphisms, i.e. with any o«G we 
associate an operator O^, which itself associates with an element 
bsQ the element OJh) — lo ^his case the allowable sub- 

groups are the normal or self-conjugate cmes introduced earlier. 
We can also regard the additive group of a hyperoomplex system 
as one having all the elements of the. coefficient field as operators. 
Two isomorphic groups, which have the same class Q of optnrators 0 
and are sucn that if a' corresponds to a then 0 (a') corresponds to 
0 (a) for all 0 sQ, are called opemtor-ieomorphic. 

With these definitions we can now formulate the theorem referred 
tb above : a normal algebraic number field, interpreted as a hyper- 
oomplex system, is operator-isomorphic with the group-ring of its 
Galois group. • 

Zero-divisors . — If a h)^roomplex system is a field it contains 
no *efo-dm«or«, i.e. elements a, b neither of which is zero but for 
which either ah = 0 or 60 = 0 . Conversely a hyperoomplex aystem 
(but not a general ring) without zero-divisors is a fidd. Among 
the systems having R as coefficient field and having no zero-divisprs 
the c^y one which is commutative, apart from B itself, is the field 
C of complex numbers ; the only other one which is associative is 
the field Q of quaternions. This is the famous theorem of Fro- 
benius. The Cayley numbers form a non-associative system with- 
out zero-divisors ; it is not known whether there are any oth^ 
such systems, but if there are the number of elements in their bases 
must be a power of 2 . 

Struotvre Theorems . — ^The structure of hyperoomplex systems 
has been thoroughly investigated. The classical result here is (hie 
to Wedderbum : a hyperoompiex system H, modulo its radical 
is thp “direct sum” of total matrix algebras. To exphdn this we 
divide H into disjoint desses by putting two of its elements in ^ 
same or (hfTerent classes acoordi^ to whether thdr difference belongs 
or does not belong to these cfiasses can be regarded as a liagi 
the residue class ring of H mod 2^, lyhioh is denoted by H/ 3 ^ 
As an example of this result consider the dual numbers D. The 
radical 2 ^s 3 2 ^^) oonaists of all the eleihOnts of the fbnn he and 
the ring D/ 2 ^ is isonunphio Mth R, which is the total matrix 
■slgebta of order. 1 , 
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Ari^meUc in more general Ringa,—We have spoken of the 
arithmetic theory of algebn^ number fields. It is natural to 
enquire whether arithmetics can be developed in more general 
hypercomplex systems. The first requirement is suitable definitions 
for integral elements. Satisfactory arithmetics have been developed 
in algebras, for instance — following Gauss’ arithmetic of complex 
numbers — by Hurwita and others in the case of quatenuons. Very 
recently there have been considerable contributions towards 
arithmetic of Cayley numbers. 

Arithmetic in group-rings also leads to interesting developments. 

Boolean Rings.— A class of rings rather difierent from the ones 
mentioned so far are the Boolean rings which are connected with 
the algebra of logic. In formal logic such combinations of proposi- 
tions p, y as **p and q ’’ and "p or q ” are contemplated. This 
strongly suggests the consideration of the algebraic structure of the 
calculus of propositions. It is found that this is a special type of 
ring, ccdled a Boolean ring, in which every element is idompotent 
(which implies that multiplication is commutative). The sum 
f q means “p if and only if g ” and the product pg means 
“ p or g ” ; p 0 means “ p is true ” and p == 1 that “ p is false.” 
The calculus can also be interpreted' as a lattice if we denote 
” p and g ” by p ^ g and “ p of g ” by p g. 

The study of abstract Boolean rings has been carried very far 
indeed ; they have realisations in many different parts of mathe- 
matics and practical applicatioxis in the analysis of electrical relay 
circuits, for instance. The simplest of these is perhaps in the 
General Theory of Sets, where the elements are the sub-classes of 
some class. The application of algebra to the General Theory of 
Sets has been largely due to the Polisli School, though there have 
been important contributions from America. Generalisations of 
abstract Boolean rings and lattices have been lAndied recently in 
which the associative la# is omitted. 


CowctrsiON. 

Xa this expositiqp of some of the aspects of algebra we have 
drawn sorhe of our illustrative examiihw from algebraic number 
<^beblry.'‘ TlfiS tlmory' is, at present, forxaidable both in extent and 
intrinsic difficulty, but it fair from bedpg a closed subject. Abstract 
theories of g^t.bsauty have been devi^ in recent years to explain 
ahd illuminate known fituts.. dispovery of new facts is a very 
difficult ji^Kxsees in view- of the complexity ^ the numerical calcula- 
tions involved i» woiking out' psrtionlar oases; The difficulties 
can be realised by a comparison between the vast amount of tables 
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in elementary number theory with the few available in algebraio 
number theory. For instance, although extensive tables of the 
ideals in quadratic fields have been prepared by Ince, only a very 
few types of fields of higher degree have been investigated. Such 
discoveries are, however, essential for the further progress of the 
theory. It is to be hoped that the new electronic digital com- 
puting machines will be able to provide new facts conveniently a^nd 
that the rate of development in a flourishing subject will still 
further increase. 


BIBLIOGRAPHICAL REMARKS 

We have not considered it necessary, in an article of this character, to 
give references to the results wo have quoted. Many of them will be found 
in the standard works on the subject, some of which are mentioned below. 

The most up-to-date survey of the whole range of abstract algebra will 
be found in the Second Book of Nicolas Bourbaki Le$ BUment^ de McdhA- 
matique. Of the nine chapters planned, only the first, Les StrucHtres 
AlqdMque^, has appeared so far. 

A now edition of the first volume of the Enzyklopddie der mcUh. Wueen- 
acfiqften began to appear in 1939, and of the articles which were published 
the following are relevant : Magnus on Groupaf Krtill bn ideeda and Hermes 
and Kdthe on Lattices* The volumes in the series Ergebniaae der McUhemaHkf 
by Douringon Algebras^ Krull on Ideals ^ MacDuffee on Matrices and van der 
Waerden on Groups of Linear Tramforrmtions^ are- most valuable to those 
with some knowledge of the subject. In the Yellow-bac!k series there am 
the volume by Speiser on Groups and two by van dor Waerden on Modem 
Algebra, Among other books in German are the Collected Worjfcs of Hilbert, 
Hecke on Algebraic Numbers and Zassenhaus on Groups^ and, for the beginner, 
three by Haase and one by Krull in the Gdschcai Collection, 

Among the America books are monographs by Jacobson on Rings^ 
G. Birkhoff on Lattices, Wedderbum on Matrices, Albert on Stfudure of 
Algebras, Mumaghan on Group ’Representatlone, Artin bn Galois Theory, 
Menger on Algebra ^ Analysis, and iWo by Weyl on Classic(A Groups exidL oh 
Algebraic Number Theory, There are uc^ul hooks by Albert on ilfodem 
Higher Algebra, by Birkliofi and MaoLaae on Modem Algebra, by MiaoBujfee 
on Abstract Alge^, and several by Dickson, including Algebras and their 
Arithmetics and Modem Algebraic Theories, For the, beginner there is 
MacDuilee on Vectors and Matrices and Albert’s College Algebra, 

Among the British books which are relevant am Tumbtfil an Det^dnanta, 
Matrices and Invariants, 1^mlb^dl and Aitkm (m 0^ Matrioes, Fraaser, 
Duncan and Collar on Slementary Matrix, D. K, Littlewood on Group 
Representations. There *are, in addition, three classics^ Bui:^ide on, 

Dickson cm Linear Algebras, Macaulay on Modular Systepis, 

There has appeared recently in Russia a book on Ordup Theory by Kuroach. 
Among the Sxpositdry articles we can recommend onb by Ore, 
VAlg^bre Abstraiu Hennaim, Park, 1036), and one^ l^ 

S. Macl^ane {Americar^ Maihmatieal Moi/My, 



RECENT ADVANCES IN SCIENCE 

' ■ . . i . 

ASTRONOASY. By A. Hunter, Ph.D., F.R.A.S., Royal Observatory, 
Greenwich. 

Gy the known extra-galaotio nebul«e about 97 or 98 per cent, are 
classified as regular, only 2 or 3 per cent, failing to show a reoog- 
nisalile structure. Amongst the regular nebulm the main sub- 
divisions are the ellipticai nebulse and' the spirals, the latter having 
a collateral branch called the barred spirals. The elliptical nebules 
are themselves classified by decimal subdivision according to 
ellipticity, the globular EO type merging imperceptibly via El, 
£2 ... to the most elongated E7 nebul®, which are followed by 
the spirals, subdivided into So, 86 and Sc, in order of increasingly 
open structure. In, the rather light-hearted way of the astronomical 
pioneer, the sequence was initially arranged so as to show the 
“early” t 3 rpes EO, El . . , merging into the “late” types . . . 
86, Sc ; but these terms do not necessarily bear any temporal 
significance. Although nobody questions the convenience of this 
taxonomic arrangement, the direction in which the nebul® are 
evolving is still a matter of dispute. (In an analogous case concern- 
ing the classification of stellar spectra, the astrophysicist still cheer- 
fully speaks of the “ early ’’-type stars O, B, A and the “ late ” 
types K, M, N, though nobody now believes that this nomenclature 
emrrespon^e with the evolutionary history of the stars.) In what 
follows we shall not depart from established custom, but it will be 
well to bear in mind that “ early ” means “ early in the sequence ” 
and nothing else. 

; : l^^pw there is no doubt that all these nebul® lie at distances far 
greater thnn the confines of our own Galaxy, and therefore that 
they are of galactic and not of stellsir dimensions. That is not to 
fay, however, that they have all been or indeed are all expected 
eventual^ to be resplyed into separate stars. Hitherto there has 
bewi no hint of resolution in any of the ordinary E nebul® ; separate 
stam and condensations cannot be made out in the spirals until 
bin or 86, and even thoc only in the oute^ arms. Resolution pro- 
pesses along the sequence towards the nuclei until late Sc spirals, 
if. they ere sufficiently close to ns, can be completely resolved into 
sapaxate stjWa, . dusters, and bright and dark galactic nebul®. It 
is tolerably^ certain that even the more distant Sc nebul®, at present 
uniesolved, would yield to higher resolving power. But however 
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close to us the E nebulse are (and some are our near neighbours in 
the “ local group ” of galaxies), it is only in special oases that separate 
stars can be distinguished. Two such special cases are the systems 
in Sculptor and Eornax, referred to in these columns (Soiknob 
Pboobbss, 34, 308, 1939) at the time of their discovery and now 
classified as Ep (elliptical, peculiar) ; the pebuliarity being, in fact, 
such looseness of structure that they can be as completely resolved 
into stars as globular blusters, which indeed they resemble in most 
respects except overall dimensions. With these exceptions, how- 
ever, elliptical uebute and the nuclei of emly-type spirals have 
until now defied resolution even when they are members of the 
local cluster of nebulae and are examined with the world’s biggest 
telescope, the 100-inoh reflector on Mount Wilson. 

To what extent is this failure to distinguish separate stars due 
to the intrinsic constitution of the nebulae concerned, and how much 
is it due to lack of sufiioient resolving power in the observing equip- 
ment ? An indication of the answer to this question comes from 
the spectra of E nebulae. 

With few exceptions these show the absorption lines typical of 
stellar reversing layers, so we may be sure that the light originates 
in a star or stars. It remains possible that an elliptical nebula is 
just a dust cloud illuminated by one or two giant Stars themselves 
obscured by the cloud. But the evidence is against this view : 
where high-dispersion spectrograms are available, e.g. for the nebula 
M32 (type E2) the spectrum is practically indistinguishable from 
that of the Sun, i.e. it Shows dwarf characteristies. Thus thou gh 
the presence of diffuse obscuring matter is not excluded, the li^t 
probably comes from numbers of dwarf stars which, given suffioimit 
resolving power, should become separately visible. 

This encourages us to examine- a little more closely what in 
mean by resolving power. Authors Of teit-bo(fitS on Light rightly 
content themselves with discussing the conception in terms of 
physical optics. Some criterion is used for deciding whether two 
di^ction patterns can or cannot be separated— BayMgh’S, fixr 
example (fimt mmimum of one pattern coindding trith oentWid 
maximum of the oiiJnr), gives a t)M0i»ti(»d minimum anguhM* 
separation for two stars just resolved as 1-22 A/D, Where H is the 
wave-length of the li|^t uwd and D is the diaiheter of the (dreuhu*) 
objective. This criterion and others like it am used with fisir success 
by double-etar observcsm ; and suitaMe modifications Of it repiessn 
re^nabiy well the observations of faSnt detail on plnnetc^ sur- 
fiftoes. In the laboratory tlm expresdcm is u^ attchted^^ % 
enoe and leads to the wstQ^kkown itile for resd^htg detail : use lAiott 
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wave^tengths And big spertiues. In mioroBoo^ this in turn has; 
led to the ultra-violet and thm the electron miorosoope. But in 
astronomy other oireumstancos prevail : atmoepherio tremor and 
low resolving power of the photographic emulsion invalidate the 
expression by a fisotor of 20 or more ; and though D is in practice 
kept lai^, the primary motive in doing so is rarely to increase 
resolving power, and A is not indefinitely variable. But more 
important than this resolving power of physical optics is what might 
be called the photometric aspect of resolution. If the structure of 
an imresolved nebnle is such that, with a given aperture, its brightest 
stars are below the threshold of the emulsion, then optical resolving 
power, however adequate in other circumstances, will not resolve 
them. The aperture must be increased not to increase resolving 
power, but to improve light-grasp. PurthermcMU, the question of 
contrast is vital. To the luminous background agamst which the 
brightest stars must be picked out contribute not only the innumer- 
able unresolved dwarfs of the nebula but also the nocturnal radiation 
from the earth’s upper atmosphere. 

We must not expect, then, that attempts at resolving hitherto 
unresolved objects wifi be guided by optical considerations alone. 
Let ns look now at what resolution means in extra-galaotic objects 
already resolved : Sc nebuka and the outer parts of S6 nebulce. 
Here the stars separated lire blue supergiants, stars of type O or B 
with absolute ffiiotographio magnitudes of -5 or -6. There is no 
question of making out the dwarfs or even the ordinary giants, 
except in those satellite ii^stems of our own Galaxy, the Magellanic 
Oonds. This is incidentally just what we should expect from a 
study of our own neighbourhood. From the distance (say) of the 
Andtomeda nebula an astronomer with a 100-inoh telescope would 
sCe in the outar parts of our Galaxy stars such as Rigel or Denhb, 
not dwarfr snob as the SUn or Prooyon. Now the 100-inoh telesobpa 
-^*^d we must sp<^ now cl this iiwtrument shioe nO other is of 
eiunigh aperture for bur purpose-^-can reach a limiting-Apparenf 
magnitude of m 21 on ordinary plates. Such a star at the 
diktanoe of the Aitditomeda nebula, whose distance modulus* 
M 9ii ' 22*a, will have a luminosity of M «s:-l '4 Blue supergiants 
in the arms are theveiore some i magnitudes above the plate 

* Fxom the defiaitioni of ^ stellar magnitude soale and from the invisrse- 
law <1 tnig^toiesa itfoUom that the dietanoo f; pf a star in payees is 
(Minaeoted with tho^^^^d^^ m — ■ M between its apparent and abMiute 

majpdtudia by tlte relation^ ^ ■ v, v,., .c. 

: lag M) I - ' 

Ibe dirimwobf ata ObjMtean^t^^ as wall spoeifled m M as by f> 
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thireshold and are easily lesolved. In tlie nuclear r^^ions. and in 
the satellite elliptical galaxies Id32 and NGC 205, the fact that no 
separate - stars are seen means that the brightest stars are fainter 
than ->-1 -4. This immediately suggests a comparison with the 
Sculptor and Fornax systems, which also contain no supergiants ; 
and a contrast with our own galactic neighbourhood, when lumin- 
osities of -4 or -5 are by no means rare. 

Until quite recently we had had to remain content with the 
knowledge that E nebulse and Sa and 8b nuclei contained no super- 
giants — ^the task of resolving them was relegated to the 200-inch 
telescope still under construction in California. It came as a sur- 
prise, then, when Baade announced (Astropb^s. J,, 100, 137, 1944) 
that plates of the Andromeda nebula taken under exceptionally good 
conditions had shown sufficient signs of incipient nuclear resolution 
to make it worth while to pursue the matter further. The plates 
looked as if a gain of half a magnitude might be enough to show 
the brightest stars, but the limit imposed by sky fog on ordinary 
emulsions was already reached. It was possible, however, that at 
the sacrifice of some optical resolving power an improvement could 
be attained in the visual region, i,e. on panchromatic plates behind 
a y^ow filter. But in this “ photovisual ” region ^e night-sky 
emission is particularly intense — the brightest lines in its spectrum 
are the forbidden 01 lines at 6677, 6300, 6364 A..— and serious fogging 
would result from long exposures. The only hope was in going 
still further into the red, where the limiting magnitude on the 
100-inoh is 20, giving a luminosity limit in the Andromeda nebula 
of M, = -2-4. If any nuclear stars were to be resolved in this 
wave-length region, thmx, they most be as bright as or brighter 
than -2-4 in the red, whilst being (on the previous evidence &om 
ordinary plates) no brighter than -1‘4 in the photographic region. 
Unless the brightest stafs were very red, then, with a red odIow- 
index of at least l-O, even this procedure would be fruitless. But 
there was some reason for optimism : in the Sculptor nebula, nith 
which we have already had occasion to compare the nucleus of the 
Andromeda nebula, the brightest stats ore red giants with colour 
indices of this order. A trial was thns worth while, and Baade 
made the attempt with a plate-filter combination, limitk^ the wave- 
length acceptance to the remarkably narrow range 6300-6700 A. 

This proved sucoessfiil. Plates exposed for four hours in perfect 
seeing and with perfect flgtfre of the lOO-inbh mirror finally brought 
out In large numb^ the brightest stars in the nucleus of the An<^- 
meda nebula (S6) and tin its oompanions M32 (E2) and NQC 205 
(E6). Their absoluta magnitude turns out to be 4 (photngr epbic ) 
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and their red colour-index 1*3, so there was very little indeed 
to spare. It is signifiouit that once rescdution was attained, the 
brightest stars appeared on these plates in great numbers: In the 
systems hitherto resolved, the increase in numbers, once the brightest 
appear, is very slow for the first few magnitudes. Nor is this the 
only point of difference. Baade has, in fact, distinguished two 
distinct types of stellar population : t}rpe I, present in spiral arms 
and in our own galactic neighbourhood ; and type II, characteristic 
of early spiral nuclei and elliptical nebulse. Type I populations can 
be recognised by their content of blue supergiants and open clusters, 
and by the characteristic “ Hertssprung gap ” in their Hertzsprung- 
Bussell diagrams. II populations are well shown in globular 

clusters, whose brightest stars are red giants, and possess a 
completely different Hertzsprung-Rusmll diagram, with the 
Hertzsprung gap filled by the cluster-type variables, which are 
rare in type I. 

Now this division of stellar populations into two types cuts at 
the very root of stellar d 3 mamios, and is for this reason likely to 
be* a much more far-reaching result of Baade’s work than the tech- 
nical feat of galactic resolution, spectacular though that is. As 
Hoyle has pointed out (The Observatory, 66, 108, 1946), many of 
our beliefs concerning the structure of extra-galactic nebules must 
be revised if Baade’s classification is physically significant. . Since 
the physical and dynamical properties of the two populations are 
associated with their location in a nebula, it is clear that the basic 
hypothesis of stellar dynamics, in which homogeneity is assumed, 
must be abandoned. Hoyle is not dismayed by this prospect, for 
he believes that other aspects of formal stellar dynamics are equally 
erroneous. The absence of blue supergiants from the nuclei and 
from the regions between the arms of spirals is accounted for at 
present by supposing that the mass of a spiral nebula is concentrated 
into nucleus and arms, with no material between. This has led to 
the theory that the spirid arms are ’‘ advanced ’’ in front of the 
nudeus rather than ^Vtrailed ”• behmd it. The observations ere 
unfortunately equivoeal here, but thme is a good deal of evidence 
to show i^iat “ traUing ” is the rule, ami that the classical equatorial 
shedding of matter as a result of rotati(mal instability in the nucleus 
is thus unlikely; Furthermore, Hoyle argues, there is no compelling 
reason' to thhtk riiat^the general distribution of matter in a galaa^ 
follows Hw distribution of its highly lUmmous stars. For example, 
H only one part in 10* of the mass of the Andromeda nebula were 
«tonoeidtafod into stars ten tunes as heav^ as the Sun, they would 
scoount for its whole lumuKMfry;i fmr a well-established relation 
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states that stellar luminosity goes with "fee fototh powrer of the 
mass apjaoximately. Moreover, luminous stars are shown by 
Baade’s work to be absent from the spiral nudei, where the density 
of matter is presumably higher than in the arms. And finally, 
infra-red photographs of certain spirals show that they lack, in this 
region of the spectrum, the typical spiral formation, i.e. that the 
dwarf stars which contribute most to the mass do not outline the 
arms as do the giants, ' which, though very prominent on ordinary 
photographs, do not add much to the mass. 

It may be that Hoyle is right in his contention that we must 
abandon the idea that the whole of the mass of a nebula exists in 
the form of stars. If so, the results of classical stellar dynamics 
rest on very insecure foundations, for the dynamical effects of a 
large proportion of interstellar matter wiU be profound, and its 
physical and gravitational properties must have played an important, 
if not a dominant, part in the past evolution of the galaxies, and 
will continue to do so in the future. And there seems no gainsajdng 
Hoyle’s further point that the highly luminous stars we see in our 
own Oalaxy and in the arms of spirals must exhaust their supplies 
of hydrogen in nuclear transformations in a time (10’ to 10® years) 
Very Short compared with the age of the universe ; hence either they 
have recently condensed from interstellar matter, or they continually 
rej^enish their hydrogen by accretion. In either case interstellar 
matter must be available now or have been available recently. It 
looks, in fact, as if an innocent attempt to push resolution of fee 
external galaxies one stage further than it had ever been taken 
befme may have reperoussions whidi will shake to thfe* foundations 
oar oonoepts of galactic structure. 

But there can be no halting observation whilst the theonsts 
readjust thdr ideas. The next step ooncems our own Galaxy. It 
has long been a matter of debate whether fee nucleus of fee Milky 
Way system can be detected observationally. linked closely wife 
this question is the role played by light absorption in space. One 
of the most revdutionary sMts in astronomical opinion during fee 
last two dedSdes has concerned the importance, if not the reality, 
of intersteKar absorption. As recently as 1927 one of fee most 
widely quoted and authoritative text-bodm on astronomy, then 
newly published, devoted a section to ‘‘Arguments against fee 
absorption of in spaoei^^ Mnoe then hardly a year has passed 
wifeout brit^^ move 'and stronger evidence that interstellar 
absorption in the' |daae of 'the Milky Way is a factor of major frh- 
pcitanoe infiueUcdhg mu ideas cff fee structure of fee Galaxy. ' 
Spbbtrophotometrie studiss have revealed fee frequency of spaSaf 
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raddBaing of t]»» light ftom ^tsat stars ; whilst the evidence fit>in 
star counts leaves no doubt that ‘thb sdtective absorption is aoooni' 
panied by a general obscuratkm, the recognition of which has caused 
astronomers to halve their estimates of the extent of the Galaxy. 
At the same time careful study, both by denatometry and by the 
examination of individual stars (Bowen, PiM. Astr. 8oc. Pacific, 
58, 339, 1946), of long-exposure plates of the nearer nebulas has 
shown that these are considerably bigger than had been suspected. 
These two factors taken together lead to the satisfactory conclusion 
(satisfactory, that is, to most modem astronomers, whose reaction 
against anthropocentric cosmology, if somewhat illogical, is historic- 
ally oompreh^sible) that our Galaxy is not nearly such a giant 
among dwarfs as was supposed even ten years ago. 

But it is clear that we are very ill-placed fOr studying our system 
as a whole : we cannot, as it were, see the wood for the trees. It 
is still not certain tphetfier we are in a spiral nebula at all, let alone 
whether (if so) it is to be classed as So, 86, or Sc. Most of the 
available evidence, however, suggests that it is an intermediate- or 
a late-type spiral. Now the nuclei of Sc nebulse are no bigger than 
big globular clusters, and an object of this size would stand little 
chance of detection amongst the obscuring clouds in the direction 
of Sagittarius, where both the dynamical evidence from galactic 
rotation and the less direct evidence from globular clusters place 
the centre of the Galaxy. If our system resembles the Andromeda 
nebula, however, its nucleus is a much bigger entity, and the hope 
of detection is less remote. Such spirals seen edge-on show a large 
central bulge, and even if there are dense absorbing clouds between 
ns and the nucleus, these are not likely to be so widespread as in 
(Ui Sc nebula, nor, even if they were, could they be so effective in 
obscuring the nucleus. The <|aeBtion arises wheth6^ the dense, 
bright Sagittarius star>-clouds are in feet the outer regions of the 
central nucleus of our system or whether they are foreground con- 
densations behind which an obscured nucleus is beyond optical 
leaoh. The point iS discussed by Baade in k paper presented to 
tfae ’ l046 Beno meeting of the Astronomical Society of the Paciflo 
{PvH. iisfri 8oo. Pacific, SB, 249, 1946). 

> The nuclei of S6 nebube, he points but, are made up of stars of 
f^yipb lii In vieSr of the utteertainty of the coefficient of intefeteUaar 
IdMKsrptioa it is not easy to decide the absolute magnitudes of the 
stars in the Sagittarihs cloud, but there will be no mistaking varial!^ 
stars, for which a few plates exposed consecutively serve to determine 
the type of variation irrespective of their distance. In an S6 
nucleus, as we have seen, these are mostly cluster-type variables. 
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of periods of the order of a day, whereas in local Milky Way cbuds, 
which are presumably typical of the outer regions of the Galaxy, 
oidy 2 or 3 per cent, of the variables belong to this class. The 
question resolves itself, then, into deciding the predominant type 
of variable in the Sagittarius region suspected of being the galactic 
nucleus. A series of photographs of a homogeneous field at galactic 
longitude 328“, latitude has been secured by Baade on the 
100-inch telescope, the exposure time of 30 minutes corresponding 
to a limiting photographic magnitude of about 20. His preliminary 
examination of 10 pairs of plates on the blink comparator used for 
the detection of variability has resulted in' the discovery of 162 
variables, corresponding to a minimum density of 400 Variables per 
square degree, which surpasses the density in previously studied 
W^y Way fields by a factor of 30. The crucial fact is that from 
60 to 70 per cent, of the variables are of the cluster type, in striking 
oontrast to the state of affairs in other Milky Way regions, where 
eclipsing variables comprise about half the total. 

Already, then, it begins to look as if the Sagittarius cloud consists 
of a stellar population of type II. But there is further evidence of 
anothet kind that is relevant. Only the long-period variables in 
the cloud (these come second in the list arranged in order of decreas- 
ing frequency of occurrence) seem to surpass an apparent magnitude 
of 16 at maximum. The cluster-type variables are mostly 
encoimtered at about 17« to 18”, their numbers thence decreasing 
again towards the plate limit. Using a mean absolute magnitude 
for duster-type variables this gives an apparent distance modulus 
of 17 0 or 17-5. But the reddening in this region (the globular 
duster NGO 6522, whioh is apparently part of the cloud, has a 
distance modulus of 17 -3 and a pbotodectrio colour excees E of 
0”. 37) indicates a photographic absorption (7E) of 2”. 6, whioh 
reduces the modulus to a true (unobscured) value of 14*7. This 
corresponds to a distance of 9000 parsecs or 29,000 light years, 
in dose agreemenV with the values obtained from many lines of 
evidence for the distance of the galactic centre. The Sagittarius 
stsTtclbud thus has the composition expected of the nucleus of «n 
jS6 nebula, and the distance expected for the' galactic nucleus : 
confirmation both that observation by optical means in the direction 
of Sagittirias does in fact show us the central regimis of our Galaxy, 
and that the Sun is a of what is in aU probability a spirhi 

nebda of the intermodiate type, like the Andromeda nebula. 
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PHYSICS. By F. A. Vick, O.B.E., Ph.D., F.In8t.P., The University, 

MancheBtor. 

Some Problems belatiito to Vision. — One of the most interesting 
and important borderlands between the major soienoes is physio- 
logical optics, demanding as it does the full resources and knowledge 
of physicists, physiologists, chemists and psychologists for the 
exploration of the wide tracts of unknown or only partially mapped 
territory. Two articles describing progress in parts of the field 
have appeared in recent numbers of this Journal. Dr. W. S. Stiles 
discussed the directional sensitivity of the retina (Science Progress, 
33, 676, April 1939) and Dr. W. D. Wright gave an account of the 
perception and measurement of colour (Science Progress, 34, 
681, Oct. 1946). These 
topics will thus not be 
treated in the present 
article, though mention 
should be made of the 
“ Report on Defective 
Colour Vision in In- 
dustry,” just published 
by the Physical Society 
of London, and a re- 
cent paper by Stiles 
“ Separation of blue and 
green mechanisms of 
foveal vision by measure- 
mept of incremental 
thresholds ” (Proc. JSoy. Soc., B 133, 418, Dec. 1946). A few of 
the papers published during the last year on other branches of 
physiological optics are summarised below. 

It is well known that if a white light source of given intensity 
is intermittent the eye perceives an unpleasant dicker unless the 
ihequency of intermittency is above a critical value F. The critical 
frequency is a function of the intensity of illumination I of the 
retina, and a typical experimental ovrfve of F against log I is shown 
in Fig. I (after Heoht). The curve consists of a low intensity or 
rod portion, and a high intensity or cone portion. If tHe wavelength 
of the stimulating light is 0'67 /* or longer, the rod section is absent, 
and the curve has a single sigmoid shape. Two theories have been 
proposed to explain the shape of the experimental curve, (a) a photo- 
chemical theory due to Meoht and his eoUeagues, and {b) one baaed 
oh a wide distribution of thresholds for different rods and cones so 
that the F log I curves are interpreted as probability integrals 


60 

SO 

Ko 

fQ 


log I ■ 

Fig. 1- 



SCIENOB PEOORESS 


m 

(OroriOT). Neither theory is entirely satisfectory, and the question 
is examined by T, L. Jahn (J. Opt. Soc. America, 36, 76, Feb. 1946), 
wjho proposes a reformulation of the photochemical theory* Accord- 
ing to Heoht, a photosensitive substance S is converted reversibly 
into photoproducts P and A. If a is the total available concentration 
of S, and » the amount in the form of photoproduots, then the 
equilibrium equation for the pseudo-steady state at the critical 
frequency becomes 


kiP a — X 

u'here ki and A, are velocity constants for the light and dark 
reactions respectively, and l/p is the fraction of time during which 
the light is on. Hecht then, on the basis of various assumptions, 
derived the equation for the critical frequency F in the form 

F = . . . (2) 

where m and n are the orders of reactions S — ► P f A and 
P + A — ► S respectively, and F„,„ corresponds to the maxima of 
the curve in Fig. 1. This equation was found to lead to various 
difficulties. It predicted the shift of the curve along the log I axis 
with change in temperature in the wrong direction, and also the 
wrong direction of shift with change in light-to-dark ratio. In 
order to fit the data on human vision it is necessary to assume the 
photochemical reaction to be biraolecular, which conflicts with 
available chemical evidence. There are other objections, which 
Jahn mentions in his paper, and he is led to an equation based On 
equation (1) but differing from (2) by adopting two main assump- 
tions, (i) that F varies as the reciprocal of the time of the flash 
necessary to produce a given critical catalytic effect of fresMy 
formed P -1- A just too small to cause the physiological change 
corresponding to a change in the sensation of brightness (the freshly 
formed P -f A is suppoeod to act as a catalyst in the fbrmaticm of 
an active agent which stimulates the nerve endings) ; (ii) that tile 
maximum of F is determined not by the photochemical changes ih 
the sense oelj but by some other factor independ^t of temperature. 
The equation derived is 

■ . .-(») 

whare k^ is a velodty constant of the^^ O^ reaeticm. O', 9 ami 
r MO ooiutants. TMs equation m m flexible than (2), since in 
the latter m and » ooidd only be small integers; (the ordem of 
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Gfafimkal reaotioiiB), whereas g and r can hare any valaes. Also, 
the temperature dependent i ;4 in the numerator of (S) gives an 
opposite temperature shift &om if in the denominator of (2). 
Jahn shows that all known flicker data can be fitted reascmably 
well to his equation, which toakes no assumptions regarding the 
photochemiosl cycle conflicting with the chemical evidence. It is, 
howevw, stiU a semi-empirical equation, and much farther work 
is needed. 

In a following paper (J. Optical Soc, America, 36, 83, Feb. Ifltfi), 
Jahn applies the same general photochemical theory to the depend- 
ence of brightness discrimination and visual acuity on light intensity. 
The photochemical cycle is 

^ S->E-*-P -f A-vS . . (4) 

where E stands for the freshly fornaed catalytically active form of 
P + A. Denoting the oonoentration of E by w, the concentration 
of S is a ~ — ar, and application of reaction kinetics leads to 

di ^ / c I 1 

P Kkte) ^ 

where C = kie[kiAl{a — w — x)t -f tr]® . . (5a) 

and e is, effectively, another constant. “ < ” is the time in seconds 
during which the light enters the eye. Equation (5) gives the ratio 
of the just perceptible change in illumina,tioh (JI) to the prevailing 
ifiumination I, and is thus a measure of the brightness discrimination.. 
It has been shown (Hecht and Mintz, J. Qen. Physiol., 22, 603, 1080) 
that the critical visual ar^e a is proportional to Al/1, so the same 
equation (6), modified only by a proportionality constant, gives the 
variation of visual acuity with intensity. According to Jahn, the 
equation ean be fitted to all existing data on brightness discrimina- 
tion end visual acuity, though hbre agmn much work remains before 
the equations can be considered to be quantitative predictions of 
the photochemical theory. 

In a later paper (J. Optical 8oc. America," 3B, 669, Nov. W46), 
Jahn goes on to oonedd^ the kiiietics of visual dark adaptation in 
the ]ig)it >pf two simtiltanepiuii photochemical cycles 

visual purple transient orahge r-*-vi8ual yeUow—>- 
visu^ wifite T-t* yii^uai purple 
visual purple tr«mpent orange ---► visual yellow 
visual purple 

1 The geoMUal form of the om^es obtained from the: reaction 
kuMtic» hi^team to ag^ reascmably weU with experimental data. 

. . B. H, Crawford (Proct Spe,, B 133, 63, Jan. 1946) has 
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esaouined the oonsequenoes of photoohenuoal reaetioos in vtudkm by 
meas'ormg the course of recovery of visual sensitivity in thcT dark 
after exposure to light. For foveal vision the eye was exposed to 
a conditioning field of a known brightness for the requisite period 
(after preliminary dark adaption) and the time interval determined 
between cutting off the conditioning stimulus and first seeing the 
test field. This process was repeated for a series of intensities of the 
test field. For parafoveal vision, a single exposure to the condition- 
ing stimulus was made, and then a series of threshold measurements 
by drop^ung a neutral filter over the test field as soon as seen. 
Analysis of the results showed that, within certain limits, the para- 
foveal visual process obeys the reciprocity law, i.e. the effects of 
a given “ exposure ” I< are constant, however the time t and 
intensity I are varied individually to give the same product. This 
means, in effect, that the reverse photochemical reaction is slow 
compared with the forward one in this region. In the foveal region, 
the reciprocity law does not hold, owing to the rapidity of the 
reverse reaction, except for very brief exposures. The fundamental 
principles of photochemistry were able to explain, in a qualitative 
way, the adaptation of the retina, without having to introduce any 
postulate involving recovery of the nervous transmission system 
between eye and brain. 

In a recent paper, H. A. Knoll, R. Tousey and E. 0. Hulbert 
(J. Optical Soc. Amenm, 36, 480, Aug. 1946) report the results of 
experiments on visual thresholds ij, of steady point sources of light 
in fields of brightness 6, ranging from zero to about 1600 canoes 
per square foot. The da(ia were obtained by five young experienced 
observers using both unaided eyes and a natural pupil. The colour 
temperature of the source illuminating the background and that of 
the point was in each case 2360° K. The point somce subtended 
iui angle at the eye of about 1 minute of arc and the baokgronnd 
field about 12°. For the high background brightnesses, the colour 
temperature of the background was about 3100° K. (the change did 
not appear to ^eot the measured threshold in the' overlapping 
range). The observers used foveal vision at high brightnesses, and 
extra-foveal at low. The experimental prooediue was to fix the 
background brightness 6, and then the observer varied the intensity 
of the poirit source several times above and below the threshold, 
then above the thre^old and finally down to the minimuni intensity 
at which he could just see the light all the time. Thus, “the 
thireshold for 100 per cent, seeing ’’ was probably a fiWtojr of 2 or 
more above that for which the observe saw tbe sornneito 
of the time only. Thn results agreed wdUi trith those recetded by 
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previous observers in the relevant parts of the range of 6. For 
b less than about 3 foot candles the observed t — 6 curve was found 
to be governed only by that region of the field immediately sur- 
rounding the point source out to about O and unaffect^ by 
irregularities of brightness outside this zone, so long as no portion 
was brighter than 6. The observations can be expressed approxi- 
mately by the empirical relation 

i + 6)1/^ . . . (6) 

where i is in foot candles, and 6 in millimicrolamberts (Im/^l. 
= 2*96 X 10““^ candles per sq. ft.). The equation agrees with 
experiment within a factor of 3 over a range of 6 of 10®. 

A very extensive series of measurements of the contrast thresholds 
of the human eye is reported by H. R. Blackwell {J. Opt. Soc. 
America^ 36 , 624, Nov. 1946). The entire inner surfaces of a large 
observation room were covered with flat white paint and illuminated 
as uniformly as possible over a range of brightness which could be 
varied between zero and 1000 footlamborts.* The end wall of the 
observation room served as a screen subtending 10° at the observers. 
The brightness of the screen was uniform to within ± 3 per cent. 
The brightness of the room decreased gradually towards the 
observer from a maximum at the screen. A standard experimental 
session consisted of 320 presentations of a test stimulus. The 
duration of the stimulus varied among experiments, but in each 
case a 6-second rest period followed each presentation, and additional 
rests at intervals prevented excessive fatigue. The observers were 
allowed plenty of time to adapt to the room brightness. Threshold 
contrast was defined as that which was detected with a probability 
of 60 per cent., due allowance being made for chance success 
(details of the statistical calculations are given in the paper). 
Five stimuli were used in each experiment, related approximately as 
1*0 : 0*76 : 0*66 : 0*37 : 0*24 by constructing gelatine filters with 
appropriate light transmission which could be placed in the beam 
from the projector responsible for the stimulating light spot on the 
background screen. Each observer recorded her response by means 
of an 8-point selector switch connected to 8 neon lamps. The 
observers were women aged 1^-26 with normal vision. Careful 
photometric measurements were made of the brightness of screen 
and stimulus areas. The circular stimuli varied in diameter between 
121*0 and 3*60 minutes of arc. A total of approximately 220,000 
observations were made for stimuli brighter than background and 

^ A diihising surface has a brightness of one footlambert when it emits 
one lumen per square foot* 


V 
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126,000 darker than background under experimental, conditions 
differing only in adaptation brightness, stimulus area and stimulus 
contrast. 


If Bo == background (screen) brightness, 

B, = stimulus brightness (= B,, ± dB) 


Contrast C = 


AB 

Bo 


Values of C range from 0 to -f co for stimuli brighter than the 
screen, and from 0 to + 1 for stimuli darker than the screen. 
Analysis of the response data showed that there was no systemati- 
cally favoured position of the stimulus spot (eight positions were 
used on a three-degree circle and corresponding to the eight major 
compass positions). A further series of experiments was carried 
out for longer stimulus exposures and also with the stimulus in the 
centre of the screen, since it was found that long exposures were 
necessary to obtain the minimal thresholds of contrast when the 
eight positions were used at random. Larger and smaller stimulus 
areas were also investigated. The results of the various investiga- 
tions are given in the paper in tables and graphs too extensive to 
reproduce here, but they will undoubtedly be consulted frequently, 
and the method of the experiment contains many interesting features. 

Thk Thbeshold of Audition. — Just as the threshold value for 
a visual stimulus depends on the period during which the stimulus 
is active, and approaches a minimum value only if the period is 
sufficiently long, the rise of auditory threshold as the time of 
stimulation is reduced is readily observed. For example, if an 
intermittent note is on for |th second intervals and decreased in 
intensity until just inaudible, it will be heard clearly if made 
continuous at the same intensity. This phenomenon has been 
studied by J. W. Hughes (Proc. Boy. Soc., B 133i 486, Deo. 1946). 
The monaural threshold was determined, starting with the shortest 
presentation of the note and passing progressively to the longest, 
finally reWming to the shortest as a check. Such readings wme 
made at frequencies of 260, 600, 1000, 2000 and 4000 oyoles/seo. 
The mean of the two settings for the shortest duration of stimulus 
was taken as a reference level and the readings for the longer duration 
expressed as deoibds below this level. When plotted in the form 
of (ratio of threshold intensity at any duration to that at the shcartest 
duration) against (reoipmoals of the durations), stnught Umw . 
resulted, those for diffisient frequencies being approximatdy pan^l 
and displaced progtessivdy to higher values of the intensity ratio ' 
with increasing frequency. 
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.If Is threshold inteiisity for duratioa t mm. 

1q s „ „ shortest duration, 

the curves are of the form 

I d 

Iq t 

where a and 6 are constants at a given frequency. 

If the same relation holds when < oo and the threshold intensity 
is then 


•(‘ + }) 


where t is a constant with the dimensions of time, the results are 
preUminary, but they indicate that the law relating threshold and 
period of stimulation is of the same form in hearing as for other 
sensory mechamsms. 


GENl^RAL AND PHYSICAL CHEMISTRY. By J. W. Suitb, D.So., 
Pb.D., F.R.I.G., Battersea Polytechnic. 

VOLATILB Mbtaixio Cabbonyls. — A number of investigations have 
been carried out during the past few years, particularly by Hieber 
and his collaborators, which assist in co-ordinating our knowledge 
of this group of compounds, a group which is of very considerable 
theoretical interest and also, particidarly through the industrial 
applications of the nickel and iron compounds, of considerable prac- 
tical importance. The time appears opportune, therefore, to review 
these compounds in general and with particular reference to the 
newer developments. 

It may be recalled that the story of carbonyl chemistry com- 
menced in 1890, when Ludwig Mond, with his collaborators Langer 
and Quincke, whilst investigating the catalytic effect of nickel on 
the decomposition of carbon monoxide into carbon dioxide and 
carbon, observed that when the nickel was allowed to eool in a 
ouirent of carbon monotide "the flame of a bunsen burner into 
which the escaping gas was introduced became highly luminous, 
and when . . i the tube through which the gas: passed [was heated 
there was] obtamed a metallio mirror which proved to be nickel 
mixed with a sm^dl quantity of carbon.” On further investigation 
they concluded riiat the gas (xmtained a compound of nickel with 
carbon monoxide which deoompoBed on heating at temperatures 
above 160° 0. From the increase in volume during this deoompo- 
rition tb»y inferred that the oompoimd was Ni( 00 ) 4 . It was found 
that when finely divided nickel, such as is obtained by reducing 
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nickel oxide in hydrogen at about 400° C. ia allowed to cool in a alow 
stream of carbon monoxide, the gas reacts very readily with the 
nickel, and the carbonyl, as it is now called, could be condensed 
out as a liquid of boiling-point 43°/761 mm., which solidified at 
— 26° to needle-shai^d crystals. Thus was carbonyl chemistry 
bom, and with it a great industry. 

In the following year Mond and Quincke (J. Chem. Soc., 1890, 
57, 604) and simultaneously Berthelot (Oompt. rend., 1891, 112, 
1343) observed that very finely divided iron, obtained by reducing 
ferric hydroxide or ferrous oxalate at only slightly above 400° and 
allowed to cool in hydrogen to 80°, underwent some reaction when 
treated with carbon monoxide, and a small proportion of the metal 
was converted to an analogous carbonyl. Since that time, and 
particularly during the past decade, a succession of other carbonyls 
and their derivatives have been discovered and studied. 

The covalent metal carbonyls so far known are restricted to the 
elements of the transition groups Via, VIIo, VIIIo, h, and c, and 16 
of the periodic table. The salt-like carbonyls of the alkali metals 
are quite different in character and are omitted from this review, 
as are the carbonyls of sulphur, selenium, and tellurium, which are 
analogues of carbon dioxide. The known members of the series 
and their simpler derivatives are summarised in Table I, where the 
general formulae of the carbonyls of each group are given with, 
Wow, the metals of which each particular type has been identi- 
fied. 

The formulae appear at first sight to be anomalous, since the 
valencies exhibited by the metal atoms seem to bear little or no 
relation to their normal valencies exerted in compound formation. 
Thus the elements of Group Via, except uranium, all form hexa- 
carbonyls, which have been shown to be monomeric. Pentacar- 
bonyls are formed by rhenium in Group VIIo, and by the metals of 
Group Vnia, but the latter are monomeric, whereas rhenium 
carbonyl is dimeric. On the other hand tetracarbonyls are formed 
by the elements of Groups Villa and 6, and by nickel in Group VIIIc, 
these being trimeric,- dimeric, and monomeric, respectively. Such 
trioarbonyls as are known are polymeric for Group Villa, tetramerio 
for cobalt in Group VIII6 and dimeric for copper in Group lo. These 
are evidently arranged in a definite pattern, but it seems anomalous 
that no lower carbonyl of nickel has been isolated, and that the metals 
of Group Villa all 3 deld tlie peculiar enneaoarbcmyls of general 
formula M,(CO),. (Greek ac nine). 

At first the tendency was to regard oarbonyk aa ring compounds, ’ 
and it was Werner who first suggested that idl Gie oarbonyl groups 
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were directly co-ordinated to the metal atom. Still, however, the 
problem of anomalous valency remained until Langmuir (Science, 
1921, 54, 66) suggested that the carbonyls represent a class of 
compounds in which the metal acquires the number of electrons 
necessary to give it the atomic number of the next inert gas. 
Sidgwick called this total number of electrons, shared and unshared, 
which become associated with an atom its “ Effective Atomic 
Number ” (E.A.N.) (Electronic Theory of Valency, 1927, p. 163). If 
it can be assumed that each carbon monoxide molecule donates one 
electron paij: to the metal atom, one would “anticipate that, for 
instance, chromium, iron, and nickel, having atomic numbers which 
are respectively 12, 10, and 8 less than that of krypton, would take 
up 6, 6, and 4 molecules of carbon monoxide, respectively, and 
similarly for the other elements of their groups, as is observed. It 
was suggested by Sidgwick, and the view is now generally held, that 
the linkage to the metal atom occurs through the carbon atom of 
the carbon monoxide molecule. The Raman spectrum of nickel 
carbonyl shows that the frequency of the C — 0 linking differs only 
slightly from that in carbon monoxide, whilst electron diffraction 
measurements indicate that the four 00 groups are arranged tetra- 
hedrally about the nickel atom, with the Ni — C — O bonds linearly 
arranged and of lengths 1*82 and M6 A., respectively {Brockway and 
Cross, J. Ghem. Phys., 1936, 3, 826). This indicates that the six 
electron linkage of the carbon monoxide molecule is preserved. 
The zero dipole moment of nickel carbonyl, observed by Sutton, 
New, and Bentley (J. Chem. 8oc,, 1933, 652) also supports this view. 
Similarly, chromium, molybdenum, and timgsten hexacarbonyls 
have the 00 groups arranged ootahedrally around the central metal 
atom (Ewons and Lister, Trane. Faraday Soc., 1938, 34, 1360). 

As elements of odd atomic number cannot attain the rare gas 
structure by the simple co-ordination of electron pairs, they do not 
form monomeric carbonyls. In their highest carbonyls, rhenium, 
the elements of Group VIII6, and copper co-ordinate such a number 
of carbonyl groups as would be expected to give them an E.A.N. of 
one less than the rare gas structure, and then eombine to form 
dimeric molecules [Re(CO)t]„ [Oo(CO) 4 ]„ [Cu(00)j]j, etc. Further, 
the lower carbonyls formed by many elements are all polymeric, 
suggesting that the atoms which have not attained the E.A.N. of a 
rare gas are stabilised in some way by polymerisation. 

The precise formulation of the structures of the carbonyls which 
contain more than one metal Atom is not such a simple problem, 
however. To explain the case of cobalt oarlxmyl Sidgwick and 
Bailey (Proc, Boy. Soc.^ 1934, A144, 621) Suggested that one carbon 
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monoxide molecule forms a second co-ordinate link through the 
oxygen atom as donor, leading to the structure 

(o: 50->)40 o ■*- o=o->Co(.<---OspC), 

in which one cobalt atom has an E.A.N. of 37, and the other of 
36, the excess electron on the former being passed to the latter 
to give each the krypton structure. A similar formulation was 
suggested for [Co(CO) 834 , in which the cobalt atoms were arranged 
at the comers of a tetrahedron and each atom was linked to each 
other one through a carbonyl group. This gave two cobalt atoms 
with E.A.N. 36 and two with E.A.N. 37, passage of electrons being 
again supposed to occur, so as to give each an E.A.N. of 36. 

The peculiar enneacarbonyl of iron, Fe* (CO)„ was formulated by 
Sidgwiok and Bailey as having the structure 

(00 -^hFe -►Fe(-^0)4. 

giving each iron atom an E.A.N. of 36. Investigation of the crystal 
structure by Powell and Ewens (J. Chem. Soc., 1939, 286), on the 
other hand, indicated that the iron atoms are actually 6-oovalent, 
having three co-ordinate links from donor CO groups and three 
oovalencies with the carbon atoms of ketonic type 00 groups, so 
that they are formally in the ferric state. The octahedral valency 
angles are distorted somewhat, and the iron atoms approach close 
together (inter-atomic distance 2’46 A. or about twice the covalent 
radius), but it is inferred that no direct linkage is formed, so that 
the E.A.N. of each atom is only 36. The diamagnetic character 
of the molecule is ascribed to the fact that the iron atoms are so 
close together that the electron spins are paired, although no bond 
is formed. The straoture is thus 


O 

II 

OC C CO 



This observation is extr^n^y important in view of the doubt which 
it throws on Sidgwiok and Bailey’s formulation of the cobalt 
cwbonyls. 

In relati<ni to the structure of the carbonyls it is of interest to 
note thlat the op groups can be replaced by one molecule of ammonia, 
pyrldihe^ or alcohol, and ]two 00 groups can be replaced by one 
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chelate group like ethylene diamine (en), or o-phenanthroline (phen) 
yielding Fe(C0)3(NHs)„ Cr(CO),pyj, Fe8(00)5ens, Ni(CO),phen, etc. 

CO groups may also be replaced by hydrogen or halogen atoms, 
one CO group being normally replaced by two hydrogen or two 
halogen (X) atoms, yielding the important series of carbonyl 
hydrides and carbonyl halides, e.g. Fe(CO) 4 Hg and Fe(CO) 4 Xj. In 
these compounds the univalent atom seems to form a normal co- 
valent linkage with the metal atom, so that even atoms of odd atomic 
number can attain the E.A.N. of a rare gas. Cobalt carbonyl 
hydride, therefore, has the formula Co(CO) 4 H and is monomeric. 
Electron diffraction studies on the vapours (Ewens and Lister, 
Tram. Faraday Soc., 1939, 35, 681) indicate that the CO groups 
ofbothFe(CO) 4 Hj,andCo( 00 ) 4 H are arranged tetrahedrally around 
the metal atoms, and the inference is that the hydrogen atoms 
are linked to the oxygen atoms, so that they should be formulated 
Fe{00)j(C0H)8 and Co(CO) 3 (COH), respectively. There is also a 
group of derivatives of iron and cobalt carbonyls containing metal 
atoms, which can be regarded as salts of the carbonyl hydrides, e.g. 
Fe(CO) 4 Hg, Fe(C 0 ) 4 Naj, [Co{CO) 4 ]gZn, etc., since many of them 
with dilute mineral acids generate the carbonyl hydride. 

The original, and theoretically speaking the simplest, mode of 
formation of the carbonyls is by the direct interaction of the metal 
with carbon monoxide. In the particular case of nickel tJie action 
of carbon monoxide at ordinary pressure on the finely divided metal 
affords good yields of the carbonyl, but with other metals use has 
to be made of the fact that the reaction is accompanied by a con- 
siderable decrease in volume, and is consequently favoured by an 
increase of pressure. Such interaction of carbon monoxide under 
high pressure on the metal can be used for the production of re(CO) 5 , 
Ru(CO) 5 , [Co(CO) 4 ]*, and Mo(00)4. The technique for this purpose 
h^ been improved greatly by Hieber and his co-workers (Z. anorgan 
Chem ., 1939, 240, 261). They used a rotating autoclave capable of 
withstanding pressures up to S60 atm. The parts which come into 
contact with carbon monoxide at high pressure must obviously 
contain np metal which is readily converted into the carbonyl, 
and therefore copper-silver alloys were found to be the most suitable 
materials for lining the autoclave. Copper itself could be used for 
temperatures hot exceeding 200®, but at higher temperatures the 
components tend to become welded together. 

The readiness of reaction in each case increases with the increased 
state of division of the metal, optimum results being obtifined with , 
metal which has been obtained by reduction of bne of its cbmpottnds 
at the lowest possible temperature. The pbvious develbpment of 
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this prooesB, therefore, is that of eflFecting the reduction in situ, 
utilising the carbon monoxide as reducing agent. This method was 
found to be particularly effective in the oases of rhenium and osmium, 
which yield carbonyls when their oxides are heated with carbon 
monoxide under high pressure, whereas no success had been obtained 
by using the massive metal. 

The application of similar technique to the production of car- 
bonyls from metallic halides, however, has led to a success that can 
hardly have been anticipated. It was found by Schulten {ibid., 
1939, 243, 145) that [Co(CO) 4 ]g, which hadt)een difficult to obtain 
in good yield, could be produced conveniently from anhydrous 
cobalt halides in Hieber’s autoclave. During the reaction no carbon 
oxyhalide was formed, so reaction did not seem to occur through 
reduction of the halide to the metal by the carbon monoxide. On 
the other hand cobalt iodide was shown to react with carbon 
monoxide oven at room temperature, giving an addition compound 
CoI„CO, which is appreciably volatile, further reaction to form 
[ 00 ( 00 ) 4 ]* occurring through the medium of its vapour at the copper 
or silver walls of the vessel. The presence of copper or silver to act 
as a halogen acceptor is essential to the process, and it has been found 
that the admixture of the finely divided metals with the cobalt haUde 
increases the yield continuously. The yield has in general been 
found to be much greater from the iodides than from the bromides 
or chlorides, and this process, involving the intermediate formation 
of a carbonyl halide accounts for the previously observed fact that 
iodine catalyses the direct synthesis of carbonyls from carbon 
monoxide and the metal. This method has been used subsequently 
in the preparation of rhodium and iridium carbonyls, but in the 
case of the latter metal actual admixture of the halogen absorbing 
metal to the iridium halide is avoided, since this would lead to 
reduction directly to metallic iridium, which would not react with 
carbon monoxide. Instead, formation of the volatile carbonyl is 
permitted to occur, this coming into contact with copper »r silver by 
diffusion. 

Some other metals such as rhenium, however, appear to jdeld 
only carbonyl halides under these conditions. In this case greater 
success has been obtained by utilising the sulphide instead of a 
halide, [Re( 00 )j]* being obtainable from Re*S 7 and carbon monoxide 
at 240° and 250 atm. (Hieber and Fuchs, ibid,, 1941, 2484 268). 
The treatment of the sulphide with carbon monoxide in the presence 
of ooK»er has also proved to be the best method for the preparation 
of [Co(OO)*],. 

Mention must also be made of the interesting series of “ wet ” 
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reactions which have been found to give rise to metal carbonyls. 
It has been found that alkaline suspensions of cobalt and nickel 
salts absorb carbon monoxide in the presence of cysteine, a sulphide, 
cyanide, tartrate, or amino-acid, yielding products which on acidi- 
fication give Ni{CO )4 and Oo(CO)*H, respectively. This has been 
developed by Blanchard and Gilmont (</. Armr. Chem. 8oc., 1040, 
62, 1192) as a means of producing Co{CO)«. They find that carbon 
monoxide is absorbed quantitatively by an alkaline suspension of a 
cobalt salt in the presence of cysteine or cyanide according to 
the equation 

2CoCl, + 1100 + 12KOH -= 3K,CO, + 2KOo(CO)« -f 4KC1 + 6H,0 
Addition of phosphoric acid and distillation at low pressure causes 
the liberation of Co(CO)iH, which decomposes spontaneously at 
room temperature or on gentle warming giving [Co(CO)Ja. 

Perhaps the most novel method of preparing carbonyls, however, 
is still that discovered by Job and his co-workers {Compt. rend. 
1923 to 1928), who passed carbon monoxide into ether solutions of 
Grignard reagents to which metal salts had been added, and obtained 
small yields of the metal carbonyl. The product by this method is 
very pure, and it has so far proved the only successful means of 
preparing Cr(00)e. 

Probably the largest range of carbonyl derivatives is furnished 
by iron and the other metals of Group Villa, and it is therefore of 

TABLE II 

Phtsioai, PBoraaTiBS or Bomb Mxtaujo Cabbowyls 



Appe«rftiic«. 

lu.p. 

b.p. 

Te(CO)» . . . 

Fe|(CO)f 

^e(CO)4l. . . • 

Ku(CO)» . - . 

Rii|(OO)0 

^u(00)J, . . . 

08(00)5 , 
0»,(00>, . . . 
[Oo(CO)J, . . . 

[Co(CO),), . . 

[Rh(COW, . . . 

Wcoy. . • • 1 

[lr(00),t . 

Ni<00)« . . . 

rcujW),], . . . 

Or(CO)« . . 

Mo<CO), ... 
W(CQ)« . . . 

WA : : : 

0o(00)4ll . . . 

m{vo)^u . . . 

Yellow Uquid 

Orange* 3 reUow orystala 

Green cryataki 

CoIoupIoss liquid 

Orange oryetals 

Groen solid 

Colourless liquid 

Yellow orystals 

Orange orystals 

Blac.k oryikals 

Orange-yellow orystals 
Greenish-yellow orystals 
Canary yellow cubes 
Colourl^ liquid 

White solid 

Crystallme solid 

CblouHees oiysta^ 

Colourless orystals 

Oolotu^lesk diyirtals 

Yellow liquid 
light yellow liquid 

- 20'* 
doc. 100® 
dec, liO® 

- 22® 
sublimes 

- 16® 

61® 

dec. 60® 

76® 

sublimes 160® 

_ 23® 
sublimes 
sublimes 
sublimes 
sublimes 

-70^ 

- 88® 
-12® 

. . 

loa* 

48* 

r 2« 8* 
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interest to consider these first and in a ooinparatiTe manner. 
Fe{00)5 is produced industrially by reducing ferric oxide with 
hydrogen at 600° and then passing a stream of carbon monoxide at 
high pressure over the finely divided metal so produced at 180-200°. 
The use of a flowing stream of gas is essential, as otherwise the 
carbonyl collects on the surface and stops the reaction. The result- 
ing gas may contain up to 2 per cent, of the carbonyl which can be 
condensed out. In near ultra-violet light Fe(0O)B is dissociated 
forming the solid Fet(CO),. This compound is again unstable and 
when heated, e.g. in toluene at 96°, it undergoes disproportionation, 
forming Fe(CO)B and the trimeric tetracarbonyl [Fe(CO)B]3. 

It was observed by Hook and Stuhlman {Ber., 1928, 61, 2097 ; 
1929, 62, 431) that on interaction with aqueous solutions of mercuric 
salts Fe(CO)5 gave a dark yellow precipitate of Fe(CO)4Hg, which 
was soluble in water, acids, acetone, ether, or pyridine, and with 
excess of the mercuric salt yielded the compounds Fe(CO)4Hg, 
HgCl* and Fo(CO)4Hg,HgS04. The compositions of these com- 
poimds were rather puzzling until Hieber and his collaborators 
showed that Fe(C0)5 on treatment with an aqueous solution of a 
base, preferably barium hydroxide, underwent decomposition with 
the formation of metallic derivatives, which on acidification and 
cautious distillation at low temperature yielded iron carbonyl 
hydride Fe(00)4H4 as a gas which could be condensed in a liquid air 
trap. Therefore tlxe metal compounds can be regarded as derivatives 
of this hydride : 

re(CO)» + 2Ba(OH)4-vFo(0O)«Ba + BaCO, -I- 2H4O 
Fe(CO)4Ba + HjSOb-^ BaSO* -H Fe(CO)4H, 

At — 70° it melts to a yellow liquid which is extremely imstable 
excepting at temperatures below •— 10°, its decomposition leading 
to the liberation of hydrogen and formation of Fe(CO)4, together 
with an ill-defined polymeric trioarbonyl [Fe(CO)8]a of unknown 
complexity. It is also very air-sensitive, but owing to its acidic 
nature it is stable in alkaline solutions. It does not react with hydro- 
chloric or hydriodic acids, but with iodine it gives the carl^nyl 
iodide Fe(CO)4l g. It reduces methylene blue quantitatively, and this 
omi be used to determine the active hydrogen present. Fe(CO)4Hg 
forme salts not only with alkalis but also with organic bases such as 
pyridine (py) or o-phenanthwdme (phen) yielding, e.g. Fe(C0)4H,pyg 
and Fe(CO)«Hiphen, the hyckogwx in this latter compound being no 
lon^ sofiSimently active to reduce methylene blue. 

All attempts to prepare Fe(00)^, or its metallio derivatives by 
high |»»ssuro synthesis have failed,:^ (Seber and Teller, Z. 
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arurrg. Ohem., 1942, 249, 68) although the corresponding compounds 
of some other metals have bemi made in tliis way. 

At low temperatures Fe(00)g adds on free halogens to give the 
peculiar un stable compounds Fe{CO)jX„ which all decompose below 
0° giving the more stable tetracarbonyl dihalides Fe(CO) 4 X,. Of 
these the iodide was also obtained by the action of iodine on the 
salts of the carbonyl hydride and by the action of carbon monoxide 
on anhydrous ferrous iodide at high pressures. In the latter process 
at 18-20° the yield increases linearly with log ^20 atmo- 

spheres pressure equilibrium is reached in 16 hours with 80 per cent, 
yield of Fe(CO) 4 l* (Hieber and Lagally, ibid., 1940, 245, 305). By 
the interaction of Fe(CO )5 with iodine monochloride and mono- 
bromide the mixed halides Fe(CO) 4 lCl and Fe(CO) 4 lBr have also 
been obtained. They decompose readily into two simple carbonyl 
halides (Hieber and Wirchling, ibid., 35). Interaction of Fe(CO) 4 l* 
or Fe(CO) 4 Brj with thionyl chloride gives Fe(CO)*Clj| as a brown 
crystalline solid : 

Fe(CO)4l, + 2SOC1, — ► Fe(CO)jCl4 + I, + 2CO + SO, + SCI, 

It has also been shown that Fe(CO) 4 l, is decomposed when heated 
at 200-400° in hydrogen giving Fe(CO),I„ together with carbon 
monoxide and ferrous iodide, whilst on heating in carbon dioxide 
or nitrogen the products include the very unstable compounds 
Fe(CO),I and Fel, the compositions of which have been the subject 
of some speculation. Fe(CO)#Ij has also been obtained by heating 
Fe(CO) 4 la alone or in benzene or cyclohexane solution at 80°. 
Carbonyl halides such as [Fe{CO)jBrj]8 derived from the tetra- 
carbonyl are also known. 

The behaviour of Fe(00)5 with bases is closely similar. At 
ordinary temperature it adds on ammonia or ethylene diamine 
yielding Fe(CO) 5 NH, and [Fe(CO) 5 ],en, but with pyridine at 80° it 
yields a compound Fe,(CO) 4 py 3 which is pyrophoric. In the presence 
of pyridine other amines react with Fe(CO )5 but in this case the CO 
groups are generally replaced by the equivalent number of other 
co-ordinating groups, yielding products such as Fe(CO),(NHj), and 
Fej(CO)gen,. [Fe(CO) 4 ]a reacts more easily with bases than does' 
Fe(CO)g, yielding the pentaoarbonyl and products such a« Pe(CO)gpy 
and Fe(CO) 8 CH 30 H. Iron carbonyl halides also react with amines, 
giving products which are more stable than the carbonyl halides 
themselves, e.g. Fe(CO)*pyjXa and Pe(CO)a>henX 3 . 

The behaviour of iron is followed closely by that of ruthenium. 
Ru(00)g was first obtained by Manohot and Manehot by direct 
synthesis, but the best method for its production is by interaotion 
of oarbOn monoxide with ruthenium triiOdide in the preSenoe of 
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silver at 170 “ and 460 atmospheres. Like Fe(00)j, Ru(CO)j under- 
goes photochemical decomposition yielding Ru,(CO)(, which, unlike 
the iron compound, is also produced spontaneously from the penta- 
oarbonyl above its melting-point. At the same time a green solid 
amorphous tetracarbonyl [Ru(CO)4]j, is also obtained. 

Ru(CO )5 also dissolves in potassium hydroxide solution to yield 
a strongly reducing solution, which presumably contains the 
potassium salt of Ru(CO)«H„ but the latter has not yet been isolated. 
The interaction of ruthenium halides with carbon monoxide at 
lower pressures yields a series of carbonyl halides of the form 
Ru(C0),X*. 

The carbonyls of osmium, the highest member of the iron group, 
have been prepared by Hieber and Stallmann (Rer., 1942 , 76, 
1472 ; Z. Elektrochem., 1943 , 49, 288 ) by the action of carbon mon- 
oxide under pressure on osmium halides in the presence of copper 
or silver. The best yield was obtained with the oxyiodide, pre- 
pared from OSO4 and concentrated hydriodic acid, which at 160 ° 
and 200 atmospheres gave a mixture of carbonyls and carbonyl 
iodides. Another method used was to heat OsOi at 150 - 200 ° in 
carbon monoxide at over 50 atmospheres pressure. The most 
volatile fraction of the products contained08(CO)j which loses carbon 
monoxide readily to form Osj(CO)„ which is therefore the main 
product of the reaction. It is noteworthy that the readiness of 
formation of the enneeujarbonyl increases progressively with increas- 
ing atomic weight in this series. The most volatile fraction con- 
^ tained traces of the carbonyl hydride 08(C0)4Hj, but no evidence 
could be obtained for the existence of 08(00)4. The other products 
of the interaction of carbon monoxide with the halides include not 
only the tetracarbonyl dihalides Os(00)4X, analogous to the iron 
compounds, but also derivatives of the types Os(0O)3Xi and 
Os(CO),X|. An iodide Mid a bromide of the type [08(C0)<X], 
were also identified, the dimeric character being indicated by the 
molecular weight and suggesting the stnictare 

X 

(OC) 40 s'^ \)9(C0)4 

Ooming to Group VHIh, some similarities to the behaviour of 
the inm group are to be observed, bat there are also some sharp 
ooatrasts. The direct interaction of cobalt with carbon monoxide 
is on inconvenient method for the production of [Oo(CO)4]|, as the 
metal must be in a catefoUy reduced finely divided stat^ whilst 
•Blanchard’s wet method is slow Mid involves tedious separations. 
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By far the best method is the interaction of cobalt sulphide with 
carbon monoxide at 200° and 200 atmospheres. The carbonyl is 
stable in the solid state in carbon monoxide or hydrogen, but it is 
readily decomposed by air or oxygen giving a violet basic carbonate. 
Above its melting-point it decomposes slightly to give [Co(CO)3]«. 

It was found by Hieber and Schulten (Z. anorg. Chem., 1937, 
232, 29) that when the tetracarbonyl was treated with baryta solu- 
tion it underwent decomposition according to the equation 

8[Co(CO)*], -f 4Ba(OH), -> 2[Co(CO)4],Ba + 2[Co(CO),], 4 2Ba(X>, 
Treatment with phosphoric acid and distillation at low pressures 
yielded Co(CO)4H as a light yellow liquid, b.p. — 26-2°. In contra- 
distinction to the iron compound this carbonyl hydride is also formed 
in considerable yields if hydrogen or water vapour is present during 
the interaction of cobalt sulphide with carbon monoxide. It has 
also been produced by the direct interaction of [00(00)4]* with 
hydrogen and of cobalt hydride with carbon monoxide. On gentle 
warming at atmospheric pressure the carbonyl hydride dissociates 
into [00(00)4]* and hydrogen. ' 

When cobalt or anhydrous cobalt halides are heated in carbon 
monoxide at high pressure in the presence of appropriate metals, 
“ mixed carbonyls ” are formed. Examples include [0o(0O)4],Zn, 
[0o(00)4]*0d, [0o(00)4]aln, 0o(0O)4Tl, [Oo(CO)4],Tl, and 

[0o(0O)4]jSn. These are all t3rpical carbonyls, being volatile solids 
which are non-electrolytes and are soluble in organic solvents. They 
are all more stable than the tetracarbonyl itself, but with aqueous 
mineral acids they give cobalt carbonyl hydride and the salt of the, 
metal. No compounds of this type could be obtained, however, 
with lithiiun, beryllium, magnesium, calcium, silver, gold, germa- 
nium, antimony, or bismuth (Hieber and Teller, ibid., 1942, 249, 
43). Compounds which seem to come nearer to being true salts 
of the carbonyl hydride are [Co(GO)4],Hg obtained by interaction 
with mercuric chloride, and the rather soluble ammines [0o(0O)4]* 
Ni(NH,)* and [Co(00)4]*[0o(NH*)4] obtained by reaction with 
ammoniacal nickel and cobalt solutions. Co(CO)4H also forms 
a salt with o-phenanthroUne. 

It was shown by Hieber and Legally {ibid., 1943, 251, 96) that 
rhodium metal on heating in carbon monoxide at 200° and 280 
atmosphrnes yields sonie [Bh(CO)4]t. This behaviour may be com- 
pared with that of cobalt and contrasted with that of iridium, which 
does not yield carbonyls on tite direct interaction of carbon monoxide 
with the metal. Whmi rhodium halides are heated in oarbim 
monoxide at 60° to 80P and JNM) atmospheres, however, in the 
presence of copper, silver,^ or zinc as halogen acceptor, the product 
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is the trioarbonyl [Rh(00)8l*, whereas at 80 to 230® Rh4(GO)ii is 
formed. This lattmr carbonyl is oharaoterised by its comparatively 
high stability, being for instance unattacked by dilute acid or alkali 
and having a low solubility in organic solvents. Rhodium carbonyl 
hydride, Rh(CO)4H, had been previously prepared (Hieber et al., 
ibid, 1939, 240, 261 ; 243, 14S, 156) by heating the metal in a 
mixture of carbon monoxide and hydrogen of partial pressures 200 
atmospheres and 60 atmospheres, respectively (c/. Co(C0)4H), and 
by the interaction of hydrated rhodium trichloride and carbon mon- 
oxide at 200® and 200 atmospheres. It melts at — 10 to — 12®, 
and like the cobalt compound loses hydrogen readily above its 
melting-point giving [Rh(CO)4]j.' A series of crystalline carbonyl 
halides of the type Rh(CO),X4 has been prepared by the interaction 
of the trihalide with carbon monoxide at ordinary or higher tempera- 
ture, according to the halide used. These compounds are volatile, 
the molecular weight of the chlorine compound corresponding to the 
dimeric formula and suggesting the structure 


a 

/ \ 

(OC)JRh Rh(CO)* 


The dry iridium trihalides IrClj, IrBrj, and Irlg when heated in 
the silver- or copper-lined autoclave with carbon monoxide at 140®, 
110-120®, and 90-100°, respectively and at 360 atmospheres, yield 
iridium trioarbonyl [Ir(CO),]*. On the other hand, when KjIrBr, 
is heated in carbon monoxide at 126® and 20(^ atmospheres, and the 
product sublimed in carbon monoxide, lr(GO)3Br is formed as 
brown scales. This suggests that the reaction in each case proceeds 
via the carbonyl halide and not through the initial production of 
the metal. Indeed the addition of copper or silver to the iridium 
halide itself is avoided as it leads to reduction to metaUio iridium at 
the temperatures used, and the metal does not react with carbon 
monoxide. With complex halides such as {NH4)jIrGl4, Na^IrGl* 
and KiIrGlg the addition of the halogen-absorbing metal is necessary 
in order that the halogen is to be r^laoed completely, the product 
being a haixture of [Ii^OO)*]* and [Ir(00)4]„ separable by utilising 
the i^ght solubility of the ^tracarbonyl in carbon tetrachloride or 
ether, or by fkaotional Sublimation. The [Ir{GO)4]* readily loses 
oarboh monoxide giving the trioarbonyl, which is resistant to attack 
by (xmoentrated acid, dilate alkali, or halc^ns at room temperature. 
^ the othw hand, with chlorte at 200° it 3Hields crystals of 
Ir8(GO)40[,. The molecular weights of these oarboi^ls have not 
beck detemii^ owing to their low solubilities, but the general 
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behaviour of the tetraoarbonyl is in accord with the dimeric formula^ 
The strong tendency of iridium to form carbonyl halides is shown 
by the fact that interaction of carbon monoxide with the appro- 
{uiate halide at atmospheric pressure and 160® yields the compounds 
Ir(CO)*X, and Ir{00)3X. 

On the other hand, if moist IrClj is heated in carbon monoxide 
at high pressures a volatile compound is produced, which on passing 
through a strongly heated tube deposits an iridium mirror, suggesting 
the presence of Ir(CO) 4 H (Hieber and Lagally, ibid., 1940, 245, 
321). 

The position in Group VIIIc is most peculiar. Ni{CO )4 is by far 
the most easily prepared of all carbonyls, being very readily obtained 
by direct synthesis. It is a liquid which is miscible with most organic 
solvents and is unacted upon by aqueous acids or alkalis. It reacts 
only slowly with oxygon alone or in the presence of water, yielding a 
variety of products. On the other hand there are very few deriva- 
tives formed. It is readily attacked by halogens, but so far reaction 
always seems to proceed to completion with the formation of the 
nickel halide and carbon monoxide ; in fact no carbonyl halide or 
carbonyl hydride has been described. On treatment with pyridine 
or o-phenanthroline, however, partial replacement only of the CO 
groups occurs, with the formation of such compounds as Ni»(CO) 4 py, 
Ni(00),py, Nij(00)3pyj, and Ni{CO),phen. 

By contrast, no pure carbonyls of the other members of this . 
group (palladium and platinum) have been described, whereas 
carbonyl halides such as PdCl 3 (CO), PtCl,{CO), PtCl3(00)3, and 
Pt 3 Cl 4 (CO )3 have long been known as formed by the interaction of 
the halides with carbon monoxide. 

Coming to Group 16, Bertrand {Compt. rend., 1923, 177, 997) 
and Zelinski {ibid., 1041) obtained copper mirrors by treating cupric 
oxide with carbon monoxide, and attributed this l^haviour to the 
formation of copper carbonyl, but only recently has [Cu(CO) 3]3 been 
isolated by Robinson and Stainthorpe (Nature, 1944, 153, 24) by 
interaction of carbon monoxide with heated cuprous oxide. It 
sublimes readily and its vapour is dissociated at higher temperature 
with the deposition of copper. Its properties are in accord with 
the dimeric formula. Previously the only carbonyl derivatives of 
this group were the product Cu(C0)Cl,2H,0 obtained when carbon 
monoxide is absorbed by cuprous chloride solution, a gold compound 
Au(CO)Cl, and a silver sulphate addition compound AgsSOijCp. 

The carbcmyls of the Group VIo metaJs molybdenum and 
tungsten can be obtained by direct synthesis, but Cr(CG}3- has so ' 
feit been produced only by job’s Grignard reagent method. Nenne- 
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j«iBov and his co-ir<xrkers rend. Atad. Sd. U.M.S.8., 1940, 

26, 54, 58) hav« also obtained Mo(00)« by reduoing Mods at 
— 10 to 0° by carbon monoxide and iran or zinc dust in etSier- 
benzene mixtures or better in dry acetone, and W(00)« by similar 
reduction of W01«, preferably in dry etbar. The intermediate ibr- 
mation of a sub-halide unstable at low temperatures was tentatively 
suggested to explain the low yields of 10-14 per cent., which were 
improved by increased initial pressures of carbon monoxide. WOCl, 
in ether also gave W(00), under these conditicais, but no carbonyls 
could be obtained fiom WO# or (M34. These hexooarbonyfe are aU 
characterised by a remarkal^ stability, decomposition commenoing 
only at about 120'’ with the formation of pure metallic mirrors. At 
ordinary temperature th^ are unattached by concentrated hydro- 
chloric or sulphuric acid, but are oxidised rapidly by ooncentrated 
nitdc acid. With alkali no carbonate or carbonyl halide is formed, 
this behaviour bemg analogous to that of nickel oau'bon3d. No 
oariionyl halides have been obtained throu|^ the interaction with 
balogmis ; actually Cr(CO)g is unattadked by bromine or iodine but 
otheiwise they yield the metal halides and carbon monoxide. The 
extreme stability of these carbonyls is also exemj^fied by the 
<^ffioulty of obtaining amine derivatives, although a numter of 
these have been- isolated by Hieber and his 00- workers ; examples 
are Cr(CO)4py„ Cr,(CO),pyj, Cr(<X)),py„ Cr{C!0)Bpy phen, and 
Mo(CO)spyt, in each of which the oo-ordimtion number of the metal 
atom remains at a value of 6. 

Lastly, in Group Vila no carbonyl derivatives of mapganese have 
been described. The second element of the series, discovery of 
vriiioh was. daimied by Noddaok, who called it masurium, has been 
obtained in appreciable quantities only recently as one of the pro- 
duets of atomic fission, so its carbonyl derivatives, if any, have 
not yet been investigated. A series of such compounds of rhenium 
are known, however. It has so fiur not been found possible to 
prepare [Be(00)B]| direoitly from the metal and carbon monoxide, 
bnt good yields have been obtained by the interaction of carbon 
monoxide with ReiOy at 250° and 250 atmospheres, KBe04. at 
t70° and <500 atmoi^heres, or Be^Sr et 340° and 250 atmospheres. 
In the preseiioe of hydrogen or water vapour small quantities of a 
velatde eompound, possdify the oaitbonyl hydride Be^CX))tH are also 
finrmed. ^ eoiourlet» or3mtai|Uiie Oompound, which 

nmy be sublimed a!^ which msohd^ in organs cryostiopie 

meseumaiieids in which oon&m its dimeric structure (Hieber and 
dmrg. 0km., With andiM* it reacts 

abhiaidy to the Qroiif^ Via aaibQit3ds, 9Biierally with the n^koement 
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of 00 groups, yielding «.g. -with pyridine at 260° Re(CO),py, and 
with o-phenanthroline Re(00)jphen. With halogens it gives the 
oarl^onyl halides Re(CO)jX, which had also been obtained during 
earlier attempts to produce the carbonyl by heating the halo- 
genorhenal^s K^ReXe and other rhenium halogen derivatives in 
carbon monoxide at high pressure, an^ from carbon monoxide, 
rhenium and a dissociable nickel or copper halide or carbon mon- 
oxide, potassium perrhenate, and an organic halide (Schulten, ibid., 
1939, 243, 164 ; Hieber, Schuh, and Fuchs, ibid., 1941, ^248, 
243). In the interaction of carbon monoxide with K,ReX„ Schulten 
found the ease of reacton to increase in the order Cl < Br < I. In 
fact, in the presence of copper powder Re(CO)iI is formed at 1 
atmosphere and 200°, whereas 10 atmospheres and 300° are required 
for the bromide and higher pressures still for the chloride. These 
carbonyl halides are stable in air and insoluble in water, but soluble 
in organic solvents. They can be sublimed in carbon monoxide, 
the volatility decreasing from the iodide to the chloride, this also 
being the order of increasing stability, as the iodide is easily converted 
into the bromide and the latter into the chloride by the action of the 
appropriate halogen. Unlike other carbonyl halides all attempts' 
to remove the halogen by the action of silver have been unsuccessful. 
Oh the other hand they react with bases giving substitution products 
such as Re(CO)gClpy, and Ee(CO)jClphen. 

Little contribution has been made recently, however, to the 
study of the nitrosyls and carbonyl nitrosyls of the metals. The 
present position in this direction seems to be that, generally as a 
result of interaction of nitric oxide with the carbonyl or carbonyl 
hydride, the existence of fairly stable compounds 0o(N0)(0O)3 and 
Fe(00)j{N0), has been confirmed, whilst other compounds of the 
formidse Fe(NO) 4 , RufNO)*, Ru(NO)j, and Co(NO)i have been 
described. The two well-established compounds accord with the 
views of Sidgwick that the NO group not only co-ordinates to the 
metal atom, but also passes one electron over completely to the 
shell of the metal atom, thus increasing its E.A.N. by three. This 
aspect of the subject, however, merits further investigation 

In so far as the practical applications of these compounds are 
concerned, the use of carbonyl formation in the Mond nickel pro- 
cess and of iron pentacm*bonyl in the production of very pure iron 
ate well known. The frequency with which methods for the pto- 
duction of other carbonyls have appeared in recent patent literatuie, 
however, suggests that other uses of this group of compounds have 
been envisaged. These dOubtleSs imdude their uses as oatalyets 
for various types of readiiom, but the possibility gS utilisii^ 
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diflFerent conditione for carbonyl formstion in the separation of the 
platinum metals must also be considered. 

BIOC&EBnSTRT. By W. O. Keemaok, D.So., LL.D., F.R.S., Royal 
College of Physioians’ Laboratory, Edinburgh. 

Peothins and Amino-acids 

Of all the known constituents of the living cell, the proteins present 
the most challenging problems to the investigator. They seem to 
be absolutely indispensable for life as we know it. Protein forms 
the major constituent of the simplest viruses ; the common enzymes 
are proteins mainly, if not completely, and enzymes are the pro- 
moters and regulators of practically all the chemical reactions which 
go on within the living cell. From the chemical point of view, the 
composition of proteins is at the same time both very simple and 
very complex. As is well known, a protein molecule consists of some 
hundreds of amino-acids united to each other by peptide linkages, 
that is to say the carboxyl group of one acid has united with the 
amino group of the next to form ari amide group, and in this way 
a chain of amino-acids is formed which is the characteristic feature 
of the protein molecule. For this fundamental knowledge of protein 
structure we are indebted mainly to Emil Fischer. During the past 
forty years, innumerable investigations have been made, physical, 
chemical, and physico-chemical, with the object of giving us a more 
precise knowledge of protein structure. Powerful weapons, such as 
X-ray analysis, have been brought to the assault, but a typical 
globular protein, such as insulin or crystalline egg-albumin, seems 
to be too complex to be readily overcome even by such powerful 
migines of investigation. X-ray analysis in the hands of Astbury 
hks given us a general picture of the relatively inert fibrous proteins 
such as keratin and fibrinogen, and no doubt as time goes on this 
and other physical methods will become increasingly fruitful. 

These ph3r8ioal methods may be expected in the first place to 
givD US information about the general plan of the protein mole- 
cule, its form and overall pattern. It is obviously of the greatest 
Importaaee that this general knowledge of structure should be 
supplemented by facts of another sort. Since the time of Fischer 
it has been one of the major tasks of the protein chemist to analyse 
the complete proteins in terms of the constituent amino-acids. 
This has proved a difficult and labmious task. There may be some 
tWD doeen or so diffem in a typical protein and we 

are not yet quite sure that all the imt^^ amino-acids 

have been identified. Some of those amino-acids closely resemble 
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each other in phjrsieal and cdtemnal properties. Most of them are 
extremely difficult to isolate qoantitati'vely in a pure form. The 
mult is that, although numerous highly skilled chemists have spent 
many years of labour analysing proteins, it is perhaps only recently 
that the amino-acid composition of a few selected proteins has 
become Joiown with any approach to completeness and accuracy. 
Important contributions have recently been made by Ohibnall, and 
some of his results and the conclusions to be deduced from them 
regarding protein structure in general have been presented in a recent 
lecture (Proe. Boy. Soc., 1942, B 131, 13&-60). 

Paetition Chbomatoobaphy. — ^I n view of the importance and 
the difficulty of protein analysis it is not surprising that new methods 
should have been searched for and exploited with energy and 
ingenuity. One of the most successful and remarkable of these 
novel methods is that developed by Martin and Synge and described 
in a series of papers in the BiochemicalJourtud. The methods which 
have been devised by these workers are very important as methods, 
for they are evidently capable of many fruitful applications outside 
the limits of protein chemistry as well as within. The results which 
Martin and Synge, in a few short years, have obtained by the use 
of these methods are already most impressive. A btfof summary 
oan scarcely do justice to the wealth of ideas contained in the 
original papers. 

The method, which the authors have called “ partition chroma- 
tography,” involves three basic ideas. The first is that, m order to 
separate two compounds, use may be made of differences in their 
partition coefficients in two immiscible liquids, e.g. chloroform and 
water. When the coefficients are of quite different orders, if, for 
example, we have a mixture of cholesterol and sodium chloride, 
there is of course no difficulty in effecting the complete separation 
by using water and chloroform, and the method in tois extreme 
form is as old as chemistry itself. If, however, the partition 
coefficients differ only slightly, very many partitfons are required 
to effect appreciable separation. The second important element in 
partition chromatography is the principle of the oountoreurrent 
process. One form of countercurrent process may be conveniently 
represented as in Fig. 1. 

^ B' D' '•■O' B' A' 

A B C ,B, B,. , 

Jfia, 1 . , 

A, B, C, D, B, etc, re|H»8ent a serire of test-tubes 
eOeh the same volume of prater ; A, in additi<m, o(mtaiiM two 
iolved solutes, X imd If • The tubes A', B', BVoto; each eontain 
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a given volnme of a solvent immiscible with water, e,g. ohk>roform 
saturated with water. First of aQ the contents of A and A' are 
shaken togethear, the chloroform and water layers separated and 
returned to their respective tubes. Then the chloroform tubes are 
moved along one Stage, so that A' corresponds with B, and B' with 
A. The contents of the corresponding pairs are again shaken and 
again separated. The chloroform tubes are moved on one more 
stage : the corresponding pairs are now A'C, B'B and C'A ; these 
are now shaken and separated. This process of moving, shaking, 
and separating, is continued as long as necessary. 

Clearly, after one operaticm, X and Y are distributed between 
one water and one chloroform tube ; after two operations between 
two water and two chloroform tubes, and so on. After n opera- 
tions, n tubes of water and n of chloroform will be involved. It is 
not difficult to show that the highest concentration of X will now 
occur in one of the tubes, say the rth one, and that the concentra- 
tions in the other tubes will regularly decrease towards the ends of 
the row. As » increases, so does r, that is to say, as the series of 
operations is continued, the tube of maximum concentration moves 
regularly on. But, in addition to the maximum moving on, the 
compound X is distributed over an ever larger number of tubes ; 
the “ spread ” increases and the maximum is less sharp. 

Now the rate at which the maximum moves along depends 
directly on the distribution coefficient between the chloroform and 
water. Thus if the coefficients for X and Y differ slightly, the 
maximum tube for X will differ from the maximum for Y, and this 
difference will increase with n, the number of operations. The 
process of separation, however, of the two compounds is com- 
pKoated by the inoreaaing spread ” of each among the tubes. 
Fortunately the separation of the maxima is proportional to a, 
while roughly shaking the “ spread ” is proportional to only the 
sqptre root of this number, so there is always a net advantage 
with increasing n. 

ORAIO'S MBTHOD OB' C0XTN»BE0tm»lNT DifflPBIBtmON.— It is 
uaefyi to hate this simple form countereurreht distribution in our 
minds W’lnm discussing the work BKsitin and Syoge, though these 
did not npply the idea quite in this form. We may digress 
f(Mr i moment, however, to refer to a seiriM of papers by Craig who, 
With some success, has exploited the possibilities of this very simple 
sot-up. Apart from emphasiffing and demonstrating some Of the 
inMfoitjKies of the m Craig (#. Biot: Chem., 1W4, 166, 619) 
hw an apporatmt whereby the numerous ^haMngs and 

scfMUWtimii vdiioli are involved in one step of the above {srooeSs may 
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^ be conveniently carried out simultaneously. Ev<m with a set 
of eight tubes thirty-six different distributions and separations are 
involved and, with ordineury separating funnels, this is somewhat 
laborious and time-consuming ; but with Craig’s apparatus values 
of n = 20 or over may easily be reach^, and so partial separations 
may be achieved with relatively little difference in the distribution 
coefficients. The main a.dvantage of Craig’s method of counter- 
current distribution is that at every operation it is precise and 
definite and so lends itself to quantitative control. A pure sub- 
stance gives an amount of spread about the maximum tube which 
can be calculated theoretically, and if this “ spread ” is exceeded, or 
the distribution is unexpectedly a 83 Tnmetrical, the presence of 
a second substance is indicated. Of course, if two compounds are 
present with very different distribution coefficients they become 
partially separated relatively quickly and their presence is easily 
recognised by the development of two maxima. 

An interesting example of the application of the method is found 
in a recent paper (Elderfield, Craig et al., J. Amer. Chem. 8oc., 
1946, 68, 1616), where it is shown by countercurrent distribution 
analysis that plasmoquin, as ordinarily prepared, is not — as previ- 
ously thought — a pure substance, but is a mixture of two isomeric 
bases. It has also been used in the separation and crystallisation 
of pure synthetic penicillin recently reported by du Vigneaud, 
Carpenter and Holley {Science, 1946, 104, 431). 

CouNTBRCUBRKNT Proobssks IN Gbnbral. — ^Martin and Synge 
have developed countercummt methods in a different direction. 
Instead of the discontinuous process outlined above they have con- 
centrated on continuous countercurrents. We have to imagine 
not the two sets of test-tubes, containing water and chloroform 
respectively, but a stream of chloroform moving in one direction 
past water moving in the other. 

Perhaps it is simplest to imagine the water forming a vertical 
column and chloroform, emulsified into droplets, figiUing down 
through this column of water. At every point in its downward 
course the chloroform droplet is supposed, almost instantaneously, 
tp reach equilibrium with the surrounding water in respect of tl^ 
distribution of the dissolved solute between chloroform and water. 
This is the general idea of continuous countercurrent distribution ; 
the problem is to overcome the technical difficulties that are met 
with in attempting to control two mobile liquid phases. 

Continuous countercurrent processes have been devdloped more 
extensively for large-scale nse in industry than in the laboratory. 
The best-known example of a countercurrent prpoeBS k perhaps 
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fractional distillation. In the fractionating column, vapour rises 
upwards, and a stream of liquid descends. In the simplest tjrpe of 
column there is a series of perforated plates which bring about close 
contact, and thus equilibration of liquid and vapour, so that the 
liquid falling from a plate and the vapour ascending from it are in 
equilibrium. Each plate in fact effects a separate distillation, and 
the efficiency of the column in separating any particular pair of 
liquids simply depends on ■ the number of plates. This type of 
column is essentially discontinuous in its action ; there is supposed 
to be no interaction between vapour and liquid in the space between 
the plates. In practice, however, a fractionating column very 
often consists of a tube fiUed with suitably shaped small beads or 
pieces of steel. The liquid trickling down and the vapour bubbling 
up are then mixed continuously. Such a column, it has been found, 
is equivalent in its efficiency to one containing a given number of 
plat^, and so it is customary to refer to the efficiency of any column 
in terms of the number of plates to which it is equivalent. This 
“ packed ” type of column is analogous to the continuous counter- 
current distribution we are now discussing. 

Immobilisation of the Aqueous Phase. — Martin and Synge 
{Biochem. J., 1941, 35, 91) investigated countercurrent distribution 
methods on a laboratory scale and developed a somewhat complb 
cated piwe of apparatus for carr 3 dng out the process automatically. 
It was, however, soon superseded by a much more elegant device 
in which use was made of a new idea, the third element in partition 
chromatography (Martin and Synge, Biochem. J., 1941, 35, 1358). 
This idea was to fix one of the two liquid phases by immobilising 
it in particles of a gel or some other suitable material. The gel 
chosen was silicic acid. This most effective device converted the 
whole process into a very simple one. A tube, about 1 cm. in 
diameter, 30 or 40 cm. long, provided with a perforated base, is set 
- up vertically, and partly filled with suitably prepared silica gel. 
The material to be analysed u applied in a little chloroform to the 
top surface of the gel. Ohloroform, saturated with water, and con- 
taining perhaps 1 per cent, of butyl alcohol, is poured into the 
column, and the ohloroform is allowed to percolate down between 
the particles of the gel. The dissolved compound rapidly equili- 
brates itself between the water in the minute particles of the sUica 
gel and the chloroform as‘ it percolates downwards. Now just as 
the continuous fractionating column may be conveniently discussed 
m terms xff tiie equivalent ** plate-column,” so for theoretical pur- 
poses thk siMea column may be oonsidered as composed of numerous 
sections, in each of which the oUoroform comes into complete 
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equilibrium with tlie wuter before pasung on to the next. The 
width of these^secbbns depends on the ineffleienoy of the continuous 
process due to the time taken to reach equilibrium, which does not 
occur instantly, and to processes such as diffusion which reduce 
efficiency. This theoretical division of the column into plates ” 
is, in fact,> a device to allow for deviations from perfection and 
permits the theory of the discontinuoiM process already described 
to be utilised. 

In practice the method has obviously ‘a very close resemblance 
to the now well-known chromatogram. There is, however, one 
important difference. In the ordinary chromatc^ram the process 
involved is adsorption on the surface of the material of which the 
column is composed. Compounds are separated in virtue of differ- 
ential adsorption. In the present meth^, the essential process is 
the partition of the compounds betwewi two liquids. The silica 
does not play any active part, but merely provides an inert sohd 
support for the water and prevents it from moving in the chloroform 
stream. For this reeuson the authors have given it the name of 
partition chromatography. 

Partition chromatography was developed with the initial object 
o£ examining the amino-aoi^ obtained on the hydrolysis of a pro- 
tein. It was found that, owing to adsorption cm the silica, the 
amino-acids themselves did not wcnrk well, but that their aoetyl 
derivatives, obtedned from them by the action of acetic anhydride, 
were very much more satisfactory. Each aoetylamiao-acid is 
carried by the chloroform down the silica column at a rate impend- 
ing on its partition coefficient between ohloiroform and water. As 
might bo expected, the band wideQ». slightly as it progresses, but 
this broadening of the band is often relatively slight in proportion 
to the distance travelled. This means that each unit lezigrii of the 
ediumn is equivalent to a large number of “ plates ” or separate 
distributions in the equivalent discrete distribution process ; tito 
authors estimate in fact that each centimetre of the oolumn eovro- 
sponds to several hundred “ plates.” 

But the aoetylamino-aoids are colourless compounds ; how ase 
the various bands to be detected? The answer of Martin and 
8)mge is charsoteristioally sihtple and elegant. In the silica gri 
they incoqwrate a little indioator, e.g. methyl orange. The presenoe 
of the aoetyiamibo^aoid is shown by the indioator becoming reddish, 
and, as the ehromatogmm is developed by the ohlorofam, the 
various bands may be readily followed as tlmy move dotnawarda, 

As the bands pass out the bottom of the ooiuiBiiw the 
fmcm carrying the acid may be coUeoted and the amomit of aeld 
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dfiiermined by titration. Ocmircd experiments on mixtares of 
known amonnts a£ aoetylamino-aoids show that xeooveries of nearly 
100 per cent, are often obtained, though with some acids the reSnlts 
are not quite so good. It is not always easy to separate all the 
amino-acids which may occur in a protein from each other and so 
certain of them are grouped t<^ther in presenting the analytical 
resultB. The power of the technique is indicated by the fact that 
an analysis of the amino-acids present in about 30 mg. of Merino 
wool gave results in substantial agreement with those obtained by 
previous more laborious and time-consuming methods. 

FiLTBBrPAPBB •PARTTWON Cheomatoobaphy. — ^The later devel- 
opments of partition chromatography are evm more remarkable. 
It occurred to Gordon, Martin and Synge {Biochem. J., 1943, 37 , 
Proo. xiii) to use cellulose instead of silica gdi to support the water 
phase. Now, a common and fairly pure form of cellulose is filter- 
paper, so that the silica column was replaced by a strip of filter- 
paper. One immediate advantage of replacing silica by cellulose 
was that the unaoetyiated amino-acids could now be employed, 
as the diffioulties previously met with, due to their adsorption on 
the silica, were no longer encountered. The method is fully des- 
cribed by Oonsden, Gordon and Martin (Biochem. J., 1944, 38 , 224). 
A atrip of filter-paper, a foot or two long, is suspended in a chamber 
which has an c^n vessel containing both water and the second 
solvent at the foot, so that the atmosphere of the chamber is kept 
saturated with both vapours. The filter-paper does not need to be 
specially wetted, but .takes up 20 or 30 per cent, of water, which 
acts as the fixed aqueous {duwe. Near the top of the strip is put 
a drop of the solution containing the amino-acids under investiga- 
tion. The second sdivent, e.g. water-saturated phenol or ooMdine, 
is contained in a trough into which the top of the filter-paper strip 
dips. Under the action of capillary foroes a film of this solvmit 
works its way down the strip and it carries the amino-acids down 
with iti each at its own oharaoteristic rate. The rates, ^of oourae, 
dxqpend on the particular solvent emidoyed and to some extent cm the 
psedse conditions of the experimmt. After a fow hours, when the 
adYanokig edge of the scdvsnt hets nearly reached the end of the strip, 
the paper is dried, and the presence of the colourless amino-acids 
is invealed by treatment Trith. ninhydrin, wi^ which ainino- 
aoids develoI> a blue eOkmr. A series of blue i^ts on tihe filter- 
I»per iBtrip mdicate the these ean be 

idmstbKed by thrir position, for each amino-acid under con- 
chrions tra^i^ at a d^mte sate. All the distances involved, of 
eonrsov deptsd the amount of tcavel of the solvent, and this is 
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readUy measured in terms of the position of the edge of the advancing 
film, which is easily seen and marked on the filter-paper. 

Now we come to a very fimoinating development of this most 
flexible technique. The filter-paper strip, like the silica column, is 
essentially one-dimensional. Oonsden, Gordon and Martin {he. cit.) 
have developed two-dimensional chromatography. Instead of a 
strip, they use a rectangular piece of paper. The drop containing 
the amino-acids is applied near one comer, and the chromatogram 
developed by a suitable solvent in the usual way. The amino-acids 
will now be distributed in spots down a line near one of the vertical 
edges of the paper. The paper is dried, turned through a right 
angle, so that the acids are now along the top of the paper, and the 
chromatogram again developed, this time with a different solvent. 
The various a m ino-acids are now distributed in two dimensions 
over the surface of the paper. The paper is dried and the positions 
of the amino-acids revealed in the usual way by treatment with 
ninhydrin. The point of the two-dimensional chromatogram is that 
any two acids which happened to have the same rate of travel 
with the one solvent are extremely unlikely to have the same rate 
with the other, so that effective separation of all the acids firom each 
other is much more certain. In shorty each amino-acid is now 
characterised not by only one co-ordinate but by two, which are 
usually independent of each other, and this of course much facili- 
tates separation and identification. Using the hydrolysis product 
from 200 to 400 micrograms (0-2-0-4 mg.) of wool, ConSden, Gordon 
and Martin were able to identify all the known amino-acid constitu- 
ents by the help of this most powerful analytical tool. 

The method of partition chromatography is still in its infancy, 
but already it has yielded results as interesting as is the method in 
itself. Gordon, Martin and Synge have applied it to the analysis 
not only of the amino-acids derived from proteins, but also to the 
identification of the partial hydrolysis products, the di- and tri- 
peptides. These peptides give us information about the order in 
wMch the amino-acids are arranged within the protein molecule. 
This may be illustrated by an example recently pubHshed (Synge, 
Biochem. J., 1945, 863 ; Consden, Gordon, Martin and Synge, 

tfetd., 1946, 40, Proo. xliii), which we shidl now briefly discuss. 

Stbootoeb of thb Antibiotio, Ghamioidik-S.— Gramioidin-S, 
a crystalline antibiotic elaborated by a Bacilhis isolated from garden 
soil, proved to be a relatively simple polypeptide ; when hydrolysed 
it' yielded the five amino-acids: J-omithine, l-proline, i-vahne, 
Meuoine and d-phenylalanine in eqtumoleeillar proportions. When 
gramicidin-S was submitted to milder hydrol 3 ^ oemditions, and ^ 
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products investigated in the usual way by partition chromatography, 
the following dipeptides were identified : a-i-valyl-i-omithine ; 
Z-omithyl-Meuoine ; Meuoyl-d-phenylalanine ; d-phenylalanyl-Z** 
proline ; as well as two tripeptides, probably : a-valyl-omithyl- 
ieuoine and d-phenylalanyl-valyl-proline. It followed at once that 
the order of the amino-acids in the original compound wae a-Z-valyl- 
Z-omithyl-Z-leuoyl-d-phenylalanyl-Z-prolyl-, the series occurring once 
or repeatedly in a cyclic peptide chain. It should be emphasised 
that all these results are obtained with quantities of material 
measured in micro- rather than milli-graras. 

An incidental but very interesting point is that in gramicidin-S 
the amino-acid phenylalanine occurs not as the common Z-form but 
as the “ unnatural ” d-variety. Gordon, Martin and Synge 
{Biochem. J., 1943, 37, 86, 313 ; see also S3mge, ibid,, 1946, 39, 356) 
have also carried out analyses of the antibiotics gramicidin and 
tyrooidin, produced by certain micro-organisms including B. brevis. 
Both these compounds are more complicated than gramicidin-S ; 
the molecule of gramicidin, for instance, probably contains 24 
amino-acid residues as well as ethanolamine, but they too contain 
some of their constituent amino-acids in the d-form. It looks as if 
the occurrence of “ unnatural ” configurations may be connected 
with their antibacterial action. 

For details of the various methods whereby the dipeptides and 
tripeptides derived from these antibiotics were identified the original 
papers must of course be consulted and, indeed, with regard to the 
technique of partition chromatography in general the reader is 
strongly advised to consult the papers of Consden, Gordon, Martin 
and Synge (Zoc. cit . ; see also Biochem. J., 1943, 37, 79, and Tristram, 
i6*d., 1946, 40, 721) before attempting to use it .himself, for there 
are many precautions to be taken in order to achieve the best 
results. The method is simple in principle, but needs some care and 
skill in its execution. 

Other Appuoations of Partition CHEBOMATOGRAPHy.— The 
me^ods of sountercurrOnt distribution and partition chroma- 
tography are of course of general application, and with suitable 
hiodifioations should be applicable to many problems in the field 
cf j^oofaemistry and elsewhetre. The oolnmn technique has already 
bMp applied by Elsden {Biochem. J., 1946, 40, 262) to the identifica- 
tion and estimatimi of the fatty acids, acetic, propionic and butyric 
formed &im cellulose by ft^mtntatioh in the ruminant’s stomach. 
The analysis of natural penksilMn, which as is now well-iknown 
consists of various closely related compounds, has been devdioped 
by Goodall and Levi (iVoZurc, 1946, 1®B, 676), leaking use of one- 
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dim«nsional filter-paper ohromatography. Here, the presence of 
the separated penicillins could not be conveniently demonstrated 
by a colour reaction ; instead use was made of the bacteriostatic 
power of these compounds for the purpose of discovering their 
presence. The methods of partition chromatography are likely to 
become routine analytical procedures for both qualitative and 
quantitative work, and: because of the extremely small quantities 
of material needed they are likely to make possible big advances, 
not only in the field of protein structure but in many other branches 
of science. 

aEOLOGY. By G. W. Tvbrell, A.R.G.Se.. D.Sc., F.R.S.E.. The Uni- 
veiaity, Glasgow. 

lOKEOITS PiTROGBAPHY, NORTH AMERICA AND AfRIOA : PETROLOGY 
And Earth Structure. — Within the last fifteen years Professor 
M. P. BilUngs and a large number of his colleagues have been 
investigatii^ the geological structure and petrology of New Hamp- 
shire, and have reached important conclusions on the mechanism 

igneous intrusion in that State and elsewhere. The combined 
Work has now reached the stage of generalisation and the present 
position is set forth in three general papers : M. P. Billings, “ King- 
dikes and their Origin,” Trana. N.Y. Acad. Sci. (II), 6, 194S, 
131-44 ; M. P. Billings, “ Mechanics of Igneous Intrumon in New 
Hampshire,” Amer. Jornn. 8ci., 243-A (Daly Volume), 1948, 
40-68 ; M. P. Billings and N. B. Keevil, “ Petrography and Radio- 
activity of Four Palseozoic Magma Series in New Hbmpshire,” 
BvU. Oeol. 8oc, Amer., 57, -1946, 797—828. Professor Billings 
remarks : "... it seems, probable that New Hampshire ormtains 
a greater variety of large intrusive forms than any area of equal 
size in the world.” 

The plutonic masses have been injeoted into meta-sedimeutary 
and meta-voloanio rocks ranging in age from Ordovician (?) to 
Lower Devonian which have been intensely folded and regionally 
metamorphosed, mainly in the great Acadian mrogeny of the Middle 
Devonian. Four magma series of distinctive petrographi<»l ehar- 
aeters were intruded dming the Palssozoic: iho Highlandoroft 
magma seifes in the late-Oidovioian (?) ; tlw (Biverian magma series 
of approgdmately the BMdle Devonian, and injected just befm^ the 
AcadUmi movements ; the New Hampshire magma senes of the 
MtcUfie or late-DevoniaA, and partly sj^hronous with, partly later 
than, the Aoa^n disturbanoe ; and finally, the Whife Mountain' 
ttuigma series, 3 iioanger tium t^ Acadian orogeny, and; probably 
Mladssippian in age. 
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The petrogcaphioal ohAraetom and sadioaCtivity of ea(di of these 
magma series are given in Mllings and Keevil’s pt^r cited above. 
The synteotouic New Hampshire magma series occurs as great sheets, 
lenses and stocks, forcefully injected into the older formations. 
Some apparently plutonic masses have been formed by the " atomic ” 
(metasomatio) replacement of older formations. Others, such as 
the Oliverian domes, oval-shaped cores of plutonic rodm ranging 
from granodiorite, through quarte-monzonite, to granite, possess 
a foliation whioh dips outwards in all direcrions, and appear to be 
comparable in some respects with laccoliths. 

The most interesting intrurions to British geologists, however, 
are those of the White Mountain magma series whioh are character- 
ised by ring-dikes, stocks, and a bathohth. No fewer than thirty-aix: 
ring-dikes have now been described in New Hampshire. They 
range in composition from monuonite to quarte-syenite, and the 
suite has a definitely alkaline oast. The magmas have been injected 
into arcuate and circular vertical fracture zones by piecemeal 
stoping and related mechanisms ; but cauldron subsidence, although 
present in some of the ring-dikes, is not essential for their formation. 
The stocks, mainly of biotite-granite, were emplaced by underground 
cauldron-subsidenoe. These ring-dikes obvioudy recall those of the 
Tertiary in the classic region of the Westmn Isles of Scotland ; 
but, with their vertical ocmtacts, they appear to resemble more 
olosdiy the oauldron-subsidenoes of Glen Ooe and Ben Nevis 
type. 

The reoent inemmrs on whioh the above conclusions have been 
founded are: B. W* Chapman and 0. A. Chapman, “Cauldron 
jSubsldenoe at Asoutney Mountain, Vermont,’’ £ull. Qeol. Soe. Amer,, 
61, 1940, 191-212. A. Quinn and G. W. Stewart, “ Igneous Rooks 
of the Merrymeeting Lake Area of New Hampshire,’’ Amen Min., 
26, 1941, fiS3-46 ; J. B. Hadley, “ Stratigrapliy, Structure and 
Petrography of the Mt. Cube Area, N.H.,’’ BvU. CM. Soc. Amer., 
53, 1942, 113r76 ; 0. A. Chapman, “ Intrusive Domes of the 
Ole^mont-Newport Area, N.H.,'’ ibid., 889-914 ; B. W. Chapman, 
“ ffihg Strwtures of the Plmy Region, N,H.,’’ ibid., 1633-68 ; 
A. Quinn, “ Magmatic Contrasts in the Winnepesaukee Region, 
N.H-,’’ ibid.r m, 1944, 478-96 ; G A. Chapman, M. P. Billings, 
and B. W. Chapman, “ Petoology and Structure of the Oliverian 
Magma Serim in the Mt. Washingt^ Quadrangle, N.H.,’’ ibidi, 
497-616 ; C. J. Boy «md tL Preedman, “ Geology of the Pawtw^- 
away Mountains,’’ «6*d., 905-20 ; F. G Kruger, “Stauotuire and 
Metamoi^pliiBm of the B^ouw Fidk Quadrangfe of New Hampshire 
«md Vetmopt,’’ *htd,, 67, .1946, r 
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B. J. CJolony and H. A. Blank deBoribe “ Unusoal Lamprophyro 
Bikes in the Manhattan Schists of New York City ” {BvU. Oeol. 
Soc. Amer., 54, 1943, 1693-1712) as amphibole-apatite-minettes. 
The dikes are from a few inches to 10 ft. in thickness, and oairry 
numerous xenoliths of schist and gneiss. A possible relation is 
suggested between these dikes and the nepheiine-syenite of 
Beemerville, N.J. 

A large stock of alkaline rocks, mainly litchfieldite (albite- 
nepheline-syenite), at Blue Mountain, Ontario, has been studied by 
M. L. Keith (BuU. Choi. Soc. Amer., 50, 1939, 1795-1826). Age 
determinations based on radioactivity have shown that the litch- 
fieldite (early Pre-Cambrian) is of the order of 600 million years 
nlder than the adjacent granite batholith (Late Pre-Cambrian), thus 
precluding the possibility of a genetic relation between them. On 
this and on the lack of evidence of desilication by limestone the 
conclusion is based that the limestone syntexis theory of. Daly is 
not valid for this intrusion and probably not for the Bancroft 
alkaline petrographical province as a whole. 

The “ Audubon- Albion Stock, Boulder Co. Col.,” described by 
E. E. Wahlstrom {BuU. Oeol. Soc. Amer., 51, 1940, 1789-1820), is 
a composite intrusion consisting mainly of monzonite. It is injected 
into Pre-Cambrian metamorphic rocks, the sequence of intrusion 
being syenogabbro (oldest), monzonite, quartz-bearing monzonite, 
syenite and granite. The syenogabbro is rich in potash, and is 
correlated with neighbouring basalts of the early Eocene. The 
monzonite probably formed from the syenogabbro 'by crystal 
fractionation, but the later differentiates arose mainly by complex 
processes involving assimilation, syntexis, and transfer of materials 
by mobile, fluid-rich tdkaline solutions. 

. Another region of ring-dike intrusion in North America is the 
Northern Quitman Mountains, Trans-Pecos, Texas, of which the 
geology is described by R. M. HufBngton {BnUi Oeol. Soc. Amer., 
64, 1943, 989-1048). The Quitman pluton of quartz-monzonite 
and diorite has a discontinuous elliptical outcrop around volcanic 
rocks^ and is interpreted as a ring-dike analogous to those of New 
England and Western Scotland. 

A ” Beplacemrat A{flite Breccia” from Cornucopia, Oregon, 
bias been described by 6. E. Gloodspeed and B. E. Fullm^ (Jown. 

LIX, 1944, 264-74), A breooiated zone in granodiorite shows 
that the fragments grade into an apUte matrix. It is believed 
that hydrothermal eolations rich Jn silica pervaded tiie coarse , 
oatwlastio zone, and tlw nei^bOuting orosh^ and broken 
which were susceptible to metasomatio replaoementv Thas the 
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granodiorite fragments were wholly or in part made over into 
aplite. 

East Central Africa, especially on the borders of Uganda and 
the Belgian Congo in the neighbourhood of the Great Rift Valley 
(western), has lately provided some remarkable suites of igneous 
rooks, many of which have been described by Professor A. Holmes. 
These lava fields of the Western Rift range from undersaturated 
potash-rich types free from feldspar (Toro-Ankole field) through 
intermediate types such as leucite-basanites and basanitoid traohy- 
basalts (Birunga field) to true olivine-basalts of various types such 
as characterise the great lavs fields south of Lake Kivu. The 
last-named have been described by A. Holmes (Oeol. Mag., LXXVII, 
1940, 89-101). Many of the rocks have recently been described by 
Belgian petrologists. They are dominantly basaltic and nearly all 
olivine-bearing ; but there are subordinate trachytic types ranging 
from tcaohyandesites to phonolites. 

In view of Bowen’s opinion that some of the South Kivu basalts, 
like the trachybasalts of North Kivu, are probably potash-rich, 
Holmes has had two new analyses made of a normal olivine-basalt 
and an olivine-rich essexite-basalt. They turned out to be unusually 
poor in potash by any standard, and strikingly so in contrast with 
many occurrences in the Western Rift. 

The study of “ A Suite of Volcanic Rooks from South-west 
Uganda containing KalsiUte (a polymorph of KA18i04),” by A. 
Holmes {Min. Mag., 26, 1942, 197-217), has shown that these lavas 
contain kaUilite, a new mineral which is a polymorph of kaliophilite, 
and was at first thought to be that mineral. Some of the rooks, 
besides being highly potassic, are also ultrabasio. They resemble 
olivine-rieh ankaratrites or melanocratio olivine-nephelinites, with 
the difference that the nepheline- or kaliopliilite-like mineral is 
really kalsilite. Other types contain leucite, biotite, or meUlite, in 
addition. The term mufurite is proposed for a new rook type 
consisting of olivine, pyroxene, kalsilite, perofskite and ores ; some 
varieties contain leumte, biotite, or melilite in some quantity. 
Miafarit^, and the closely related lavas katungite and vgandite, are 
regarded as rheomorphio products due to the action of ultrabasic 
magma on rook material belonging to the biotite-peridotite— 
biotite-pyroxeaite--glimmerite suite. 

is a lava consisting essentially of melilite, leuoite, 
divine, and a little phlogopite, from near San Venanzo, North Italy. 
& mafurite from Uganda (see last paragraph) A. Holmes has 
detected “ A Heteromorph of Venanzite ” (Ged. Mag., LXXIX, 
1942, 225^32) in which pyroxene and kalsilite take the place of part 
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of ibho ntelilito and leuoite. The Afrioan heteromorph, however, 
is poorer in olivine and pyroxene, richer in melilite and leuoite, than 
normal mafodte. 

D. Oombe and A. Holmes discuss ^‘ The Kalsilite-bearing 
Hawas of Kabiienge and Lyakauli, South-west Uganda ” (Tmn«. 
Roy. Soc. Mdin., LXl, Pt. U, 1945, 359>79), Combe dealing with 
their geolc^cal setting and Holmes with petrology. The lavas are 
aH potassic ultrabasio t3rpee containing various combinations of the 
minerals augite, melilite, ieuoite <or leuoitio glaes), and kaisilite. 
The four chief rook types are described as ugandite, mafurite, 
katungite, and kalsUite-katungite, but there are some transitional 
varieties^ The lavas carry numerous xenoliths of granite (transfused 
•—see next paragraph) and cognate xenoliths of pyroxenite, biotite- 
pyroxenite, biotite-augite-peridotite, and “ glimmerite ” (biotite- 
rock). The evidenoe indicates that these extraordinary lavas have 
resulted fiom' partial incorporation, with or without preliminary 
transfusion, of (1) sub-volcanic rocks of the biotite-pyroxenite — 
peridotite group, and (2) granitic and other sialic crustal material, 
by potash-iioh ultrabasio magma. 

A. Holmes gives a complete description of the “ Leuoitised 
Oranite Xenoliths from the Potash-ridi Lavas of Bunyamgura, 
South-west Uganda” (Amer. Joum. <Sfci., 243-A (Daly Volume), 
1945, 313-32), mentioned in the previous paper. Granitic and 
other xenolit^ endiosed in potassic ultrabasio lavas have soared 
an extraordinary metasomatism by transfusion in progressive stages, 
which has produced Ieuoite, or even leuoitite and olivine-leucstite 
in extreme oases. From the enclosing mafurite magma KjO, 
cafenaic oxides, TiOt, H,0 and CO,, wne carried differsntially into 
the xendiths, from wMch there was a compensatory expulsion of 
SiOa, Ka^O, and some Al,Os. 

“ Ring Structures with Carbonate Cores in Southern Rhodesia ” 
have been found by F. P. Menndl (Geol. ifogr., LXXXIH, 1946, 
187-4 1 ). The rings are composed of nordmarkite, syenite, nepheline- 
[|y«nite, ehonkinite, ijolite, jacupirangite, with indusions of (KHUse 
ktruoturdess masses erf oaribonates, mai^tite-rock, and i^atite-roek 
— in Jsot, identical vrith tim oecurrenees at Fen (Horway), Ainb 
(Sweden), Afrikaiida (Kola Peninsula), Iron lEiM (Col.), and several 
others. Dr. F. Dixey has oommentod w the almve diseovery 
Mag*, .TaXXXHl^ 1946, 289-91) and oompareB the Bhiodeaian 
OCoarrenoes with thMe M Nyasaland and U^^mda.; 

J. Verhoogen hM desm^ geology ahd petxbgpsi^y cd' thb 
Mlobarlite pipes, twenty>frmr in num^, 

Htfteau in: Katanga- (“: .Iim' . i^pes da ;IQmlM»liite:<:dn <Kaitm|a;” .'Ante. ; 
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d. Sirv. des Miim. Comm. Spic. Katanga, Brussels, IX, 1940, p. 46). 
One of them, Talala, is the largest in Africa. The pipes are probably 
of Cretaceous age. The kitpberlite is generally of the “ basaltic ” 
typo ; only one occurrence of the micaceous or lamprophyric t 3 rpe 
is known. There is a large content of olivine, both magnesian and 
calcic. At least a part of the abundant serpentine is anterior to 
the formation of the calcic olivine, and is thought to be of magmatic 
and not deuteric origin. Some of the calcite present is thought to 
be primary. The kimberlites contain abundant inclusions, mostly 
granulites, some of which resemble members of the chaniockite 
series. These provide information as to the probable constitution 
of the basement of the Kundulungu Plateau. 

“ The Hangnest Dolerite Sill, S.A.,” described by P. Walker and 
A. Poldervaart (Oeol. Mag., LXXV-HI, 1941, 429-60), is 500 ft. 
thick and consists 4if a coarse dolerite, the lower two-thirds of the 
sill being orthopyroxene-bearing. The composition of the associated 
Karroo sediments (sUtstone) is such that they easily underwent 
mobilisation with the addition of soda and oafemic oxides as 
“ emanations ” from the dolerite magma. The product of this 
metasomatism is a granophyric rock of very distinctive appearance 
which forms rheomorphic veins and dikes. This association of 
dolerite, granophyre, and siltstone is widespread in the Karroo. 

Pbtbolooy and Eabth Structukb. — The joint paper of W. Q. 
Kennedy and E. M. Anderson on “ Crustal Layers and the Origin 
of Magmas ” {Btdl. Vole. {Naples), S6r. II, Tom. Ill, 1938, 23-82) 
is of fundamental importance in petrological theory. Its purpose 
is to explore the connection of igneous activity with geophysics 
and crustal tectonics. Kennedy deals with the petrological aspects 
of the problem, and brings forward the fruitful concept of volcanic 
and plutonio associations. The former includes lavas, vent intru- 
sions, and all intrusive masses which may be coarse-grained and 
“,plutonio ” in habit, which are genetically related to a cycle of 
volcanic activity and originate in the same magmatic source. 
Plutonic associations comprise the great subjacent bathohths and 
stocks together with the many minor intrusions that accompany 
them. Volcanic associations stem mainly from basaltic magma ; 
platonic associations from the granodiorite kindred. Kennedy 
also discusses the two lines of descent, olivine-basalt — ^phonolite 
(alkaline), and tholeiite-nrhyoUte (oido-alkaline), of the volcanic 
association, and shows that the former is most likely to arise in 
mm-orc^^o and the latter in mogenio regions. 

Anderson discusses the geophysical data as applied to the 
magma fNToldem. He considers the questions of crustad tempera- 
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tares, seismic data, etc., and comes to the conclusion that primary 
fusion of the granitic layer can only take place in orogpnic regions. 
The locus of origin of olivine-basalt is, left doubtful ; but tholeiite 
magma is considered quite definitely to come from the P* layer of 
the seismologists. 

In his presidential address to the Mineralogical Society of 
America, A. P. Buddington dealt with “ Some Petrological Concepts 
and the Interior of the Earth” (Amer. Min., 28 , 1943, 119-40). 
The concepts referred to are those of : “ fractional crystallisation, 
fractional melting, the systematic nature of the variation which the 
great thick mafic stratiform sheets such as the Bushveld, Duluth 
and Stillwater have in common, and the necessity for providing 
a rational mechanism for the origin of such magmas as are considered 
primary, or in the words of Loewinson-Lessing, proto-magmas.” 
The nature and variations of meteorites are •also dealt with in 
relation to the analogous terrestrial igneous rocks, and to petrology 
in general. Buddington believes that a layered earth is peculiarly 
suitable for the derivation of primary magmas, and uses E, M. 
Anderson’s methods of procedure developed in the preceding paper. 
The discussion leads to a modification of current earth-models 
whereby a layer of bytownite-anorthosite at or near a depth of 
26-30 km. is postulated, and probably a relatively thin vitreous 
peridotite or dunite shell rich in hydrogen and other volatiles, 
beginning at a depth of 60-80 km. and perhaps some hundreds of 
kilometres thick. 

In his important paper “ Meteorites and an Earth-model,” 
R. A. Daly {B-ull. Oeol. Soc. Amer., 54, 1943, 401-66) discusses 
a topic related to those of the two previous papers. His central 
hypothecs is the old one that the earth is composed of materials 
of which meteorites provide samples. The paper summarises the 
principal observed facts on the nature of meteoric stones and irons, 
and gives the reasons for believing them to be fragments of a dis- 
rupted parental planet which belonged to the solar system, and 
therefore similar in composition to the earth. After a comparison 
of the earth with the assumed parental planet, a course of earth 
evolution is suggested which gives the following succession of sh^ 
from surface to centre : a true crust, the lithosphere ; a thicker 
vitreous asthenospheric shell ; a still thicker mesospheric shell ; 
and a nickel-iron core, probably fluid and possibly behaving much 
like a gas. This suggestion is tested by reference to the discon- 
tinuities revealed by seismic studies, mean density, moment of 
inertia, radioactivity, and plastieity of the earth. 
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sphere was wholly vitreous and of peridotitio composition. New 
data on the effects of rising temperatures on the compressibility of 
liquids, glasses and crystalline solids from the Harvard laboratories 
have oompeUed him to revise his ideas. In a paper on the “ Nature 
of the Asthenosphere ” [Bull. Oeol. Soc. Amer.,,55, 1946, 707-26) 
he now suggests that the deeper and greater part of the thick, weak 
shell (asthenosphere) is peridotitio in composition, but in the physical 
condition of a two-phase mixture of dominant crystals and sub- 
ordinate glass or, possibly, a gaseous solution in the critical state. 

Basic to ultrabasio igneous rooks characterise the axes of geo- 
synclines at an early stage of their development. Later on, when 
the geos}molinal sediments have been folded, granitoid rocks make 
their appearance in huge quantities. J. H. P. Umbgi'ove, in 
a paper on “ The Relation between Magmatic Cycles and Orogenic 
Epochs ” {Oeol. Mag., LXXVI, 1939, 444-60), which is difficult to 
summarise, attempts to correlate the above igneous cycle with the 
tectonic cycle of orogenic regions, and the layering of the earth’s 
crust. Rhythmic thermal and magmatic events in the depths of 
the crust are said to produce alternating periods of expansion and 
contraction, and to cause the well-known sequence of magmatic 
types in orogenic regions. 

In a second paper on “ Magmatic Problems ” the late F. Loewin- 
son-Lessing (Trane. Acad. Sci. U.S.8.R., 1939, pp. 1-18, Russian 
text, 18-24 English summary) dealt with the supposed connection 
between types or associations of igneous rooks with crustal move- 
ments, and comes to the conclusion that the idea of contrasted 
associations with kratogens and orogens, or with epeirogenic or 
orogenic movements, is fallacious. He believes that magmatic 
processes are connected only with vertical movements in both 
epeirogenic and orogenic phases. He also treated of the classifica- 
tion of igneous rooks, the criteria of orthomagmatio and para- 
magmatic rooks, and the problems of the origin of anorthosite and 
other monomineralio rooks. 

H. H. Hess discusses the possibility of “ A Primary Peridotite 
Magma ” (Amer. Joum. Sci,, 36, 1988, 821-44). It is accepted 
that some ultrabasio types are crystal accumulates from basaltic 
magmas as, for examine, the contact-chilled peridotite and dunite 
dikes of Skye described by Harker and later by Bowen. This 
generalisation, however, has been extended to cover the origin of 
aU ultrabasio types. Physical and chemical evidence, e.g. impossibly 
high magmatic temperatures, is mostly opposed to the possibility 
of primary ultrabasio magmas. At the same time the geological 
evidence is mostly in their favour. Dr. Hess concludes in favour 
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of primary ultrabasio magmas, which mainly occur as long narrow 
belts in orogenio zones, and promulgates a theory to explain their 
anomalous low temperatures and the apparent absence of effusive 
equivalents. 

R. E. PuUer writes on “ Gravitational Accumulation of Olivine 
during the Advance of Basaltic Flows ” {Joum. Oeol., XL VII, 1039, 
303-13). A surface depletion and a basal concentration of olivine 
above a ohiUed lower contact in Late Tertiary basaltic flows in 
Oregon, suggests that the olivine crystals gradually accumulated in 
a manner reminiscent of the deposition of sand in the foreset beds 
of a delta. 

N. L. Bowen’s important paper on “ Phase Equilibria bear- 
ing on the Origin and Differentiation of Alkaline Bocks ” {Armr, 
Joum. /Set., 243-A (Daly Volume), 1945, 75-89) deals with 
recent studies of equilibrium relations in the quaternary system 
NajO — CaO — AljOs — SiO*, which show that certain melts, crystal- 
lised non-fractionally, will give melilite, nepheline, and wollastonite ; 
yet the same liquids, with fractional crystallisation will, in addition, 
give plagioclase, calcic at first but eventually highly sodic. Hence, 
by fractional crystallisation, may develop a series of differentiates 
which may be called melilite-nephelinite, tephrite and phonolite. 
In natural magmas a parallel series may formed by similar 
processes. Continued fractionation at a later stage may give 
a concentration of a waterglass-like sodium silicate, along with 
water and other volatiles. ‘The penetration of this residuum into 
aluminous countiy-rocks may give rise to nepheline and albite, and 
thus produce “ igneous-looking ” rook types similar to the parent 
intrusion. 

S. J. Shand writes on “ The Present Status of Daly’s Hy- 
pothesis of the Alkaline Books ” {Amer. Joum. Sci., 243-A (Daly 
Volume), 1945, 496-607). He is of opinion that neither absence 
of visible limestone at some localities, nor the absence of visible 
reaction at others, constitute disproof of Daly’s hypothesis of 
“ limestone-syntexis.” Many observations show that foyaite can 
be generated from granite through desilioation by limestone syntexis ; 
that syenite and foyaite may be further desilicated to ijolite ; and 
that basalt may give rise under similar oanditions to theralite and 
melilite-rocks. Shand therefore maintains that Daly’s hypothesis 
still holds the field. 
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BOTANY. By pBorsissoB W. H. Pbaiuau:., D.So., F.B.S., Universtty 

College, IxHidon. 

Thh Presidential Address delivered by Sir William Wright Smith to 
the Royal Society of Edinburgh {Year Book, B.8.E., 1946) dealt 
with the subject of plant invadera with particular reference to the 
flora of New Zealand. Long ago, both Hooker and Darwin had 
been impressed by the occurrence, particularly in alpine regions, of 
Scandinavian and Northern genera and, as they thought, even of 
Scandinavian species. Coupled with the extraordinary manner in 
which European species of plants had spread in New Zealand, there 
appeared to be some grounds for the idea that a northern flora had 
a particularly high penetrative and colonising power. The problem 
has continued to exercise the attention of botanists ^nd other 
scientists even until the present time. Of recent years, a good deal 
has been added to our knowledge of these alien invaders, and 
H. H. AUan has recorded that the greatest enemies of a pastoralist 
in New Zealand are the indigenous and not the alien plants, and 
that the striking feature which now presents itself is not at all the 
aggressiveness of the aliens but the power of indigenous plant 
communities to prevent their' entry. It is only where draining, 
cultivation and constant burning of forest, scrub and moorland and 
the grazing of a multitude of animals have made new edaphio 
conditions, which approximate to those of Europe that the European 
invaders seem to be able to some extent to become successful. 
Whatever may have, in the past, led to extension southwards of 
the north teraiierate flora, its dominance at the present time is 
discountenanced. Its chances in the southern climes are favourable 
only when man intervenes. There, in cultivated lands, the dice are 
loaded against the New Zealanders. 

A similar result has perhaps been observed in some parts of 
Scotland, where on the whole the climate may not be unfairly 
compared with that of New Zealand. The extensive alien flora of 
Tweedside numbers as many as 348 species, of whicht. 145 came 
from south of the Equator. These are almost all ephemeral and 
persist only from year to year by reason of farther arrivals. The 
same fttgitive characteristics of alien species was observed by 
Thellung in his La Flore Adventice de Montpellier, where 800 aliens 
were recorded, of which only ten survived when the supply of new 
seeds was interrupted fi>r twenty-five years. A similar answer was 
given also for some sub-tropi(»l areas as, for example, Madagascar, 
where of 900 alien species only 1, Admost&mma viscoaum, has gained 
a foothold in natural plant communities undisturbed by man. 

Lti Scotland perhaps two factors go far to explain the non-suooess 
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of immigrants from New Zealand. In the first place the native flora 
of New Zealand does not contain any weeds of cultivation and, 
secondly, when New Zealand plants arrive in Scotland they have 
little chance of being introduce into virgin soil, except perhaps on 
^he high mountains, in a few nfarshes and along the sea shores. 
Thus, few species from south of the Equator or from New Zealand 
have made much progress in Scotland and only 7 examples from 
Britain, of which 2 are from south of the Border, can be fairly con- 
sidered to have become established in the last forty years. Perhaps 
the most widespread is Epilobium alsinoidea A. Cunn., an Italian 
and New Zealand willow-herb possibly with E. nummularifolium 
and E. peduncuUtre, representing a single polymorphic species ; 
Mesembrjfanthemum edtde is established with M. sequiUUerale in 
Cornwall and south Devon and is now said also to be established in 
Iona. Oalinaoga parviflora Cav., whoso name was corrupted in 
the London suburbs to Gallant Soldier, was first noticed near Kew 
in 1887 and is now very prevalent in the London district though 
not in Scotland. In the same category, but much less frequent, 
are Acaena anserinifolia, Senecio smithii, Pernettya mucronata and 
Pratia angulata. The examination of this problem further suggests 
that, even under approximately similar conditions, the native flora 
of any country seems to have that little extra which gains success 
from the invader. They may meet in the garden, but not outside. 
How many generations will the alien, even of the same genus, 
require to establish the adjustment which will enable it to succeed 
in a new site ? 

Two long papers have appeared dealing with the oytologioal and 
genetical characteristics of the genus Solanmn, with particular 
reference to many wild and native cultivated diploid forms of 
potato. The investigations have been carried out by H. C. Choud- 
huri (Trans. Roy. 8oc. Edinb., LXI, 113, 1943, and ibid., LXI, 119, 
1944). The data recorded suggest that the primary basic number 
of chromosomes is 6, the haploid number in most of the species 
investigated being 12. Considerable quantities of data are given 
showing the frequency of univalent and bivalent fragments under 
various conditions, and there are also data showing the results of 
mating, of reciprocal crosses, as well as of the average number of 
seeds per berry and some observations of the oharaoteristios of the 
pollen. This is essentially a detailed report for specialists. 

Another genetical study dealing with potatoes comes from 
William Black, dealing with the inheritance of resistance by potatoes 
to two strains of bl%ht (PhytopMhora infiistans). He had earlier 
shown (Trans, Roy. 8oc. Edinb., LXI, 137, 1943) that the reaobibn 
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of potatoes to the attacks of the disease is genetically controlled. 
It was further necessary to investigate the inheritance -of resistance 
to strains of different types. Two strains were used, one of which 
is much more virulent than the other. Segregation of resistant and 
susceptible plants following infection with the two strains have 
been traced through several generations of hybrids bred from 
(a) 8. rybinii, 8. demiamm and 8. tvbaromm and (6) 8. demiamm 
and 8. tuberosum. The available evidence now indicates (Proc. Boy. 
8oc. Edinb., B, LXII, 171,1 945) that resistance to blight is controlled 
by major genes upon which depend the major reaction, resistance, 
or susceptibility, and by minor genes which determine the degree of 
susceptibility in susceptible varieties and act os unidentified 
modifiers, ^gregation of resistant and susceptible plants in the 
progenies shows a highly consistent excess of recessive individuals 
compared with the standard 1:1, 3:1, and 15 : 1 ratios. It is 
suggested that the excess of recessives may be due in part to 
chromosome homologies leading to multivalent formation and double 
reduction. In the material under discussion, however, the excess 
is largely due to the differential compatibility of gametes arising 
from residual incompatibility factors associated with the original 
“ wild ” material. 

An approach to the problems of phyllotaxy has been made by 
D. A. Coult {Journ. Linn. 8oc. Bot., LVII, 109, 1946). He has 
examined some abnormal types of Salvia (8. verbenaca and 8. 
pratensis) in which various modifications of the normal decussate 
leaf arrangement had taken place. Both species are somewhat 
similar in form and the modifications are of a generally similar type, 
in which sometimes pairs and single leaves alternate, and other 
times the stem is triangular or jxuitangular with somewhat irregular 
or even trimerous leaf arrangement. The examination of stem 
anatomy showed that the variations were associated with an increase 
in meristematio activity at certain points rather than with localised 
differential extension of tissues. The description of the actual facts 
is associated with an interesting detailed discussion of fhe nature of 
the causative factors in the light of Schoute’s “ binding factor ” 
hypothesis and the supposition that hormone production is respons- 
ible for some of the observed growth effects. 

An interesting paper on the ecology of the Black Beakrush, 
■S^mm nigricana, by 8. R. Gauday, has appeared in Bol. 8oc. 
Bratmma, XIX, 373, 1946. This describes the occurrence of 
Sohoanus eis a dominant in two sorts of plant community, one in 
which it is associated as succeeding reed swamps containing 
and Oladitm nmiaeua, and the second in which it occurs 
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in succession to salt maxsh plants and associated with species such 
as J uncus mariUmus and other t 3 ^e 8 of the higher salt marsh. 
In both habitats the soil has not only a high water content but is 
also sightly alkaline, with not less than 10 per cent, of calcium 
carbonate and a comparatively unimportant salt content. In 
Portugal there appears to be nothing comparable to the occurrence 
of Schoenus on bog peats such as is observed in the west of Ireland 
and the Western Highlands. It is, however, associated in some 
situations with the presence of considerable quantities of gypsum 
in the soil. 

Another paper of considerable importance from Portugal is by 
D. De Castro {Bol. Soc. Broteriana, XIX, 525, 1946). This is 
a systematic and partly genetical study of species of Echinospartum 
and Ukx found in the Iberian peninsula. Chromosome numbers 
are given for most of the species mentioned including Ulex minor, 
U. gallii and U. europmts. Numbers (2a) were respectively 32, 80, 
and 64 to 96, The latter figures refer to two sub-species, Sspp. 
latebracteatis and L. borealis, and on the basis of the cytologioal 
difiFerenoes it is suggested that these should be raised to the rank 
of species, while the hypothesis is put forward that U. gallii is 
a hybrid of these two sub-species. The basic chromosome number 
of 8 is suggested for the European Genistese, and details of geo- 
graphical distribution are also given for most of the considerable 
number of species included in the survey. 


PLANT PHYSIOLOGY. By Pbovessob Walter Stiles, So.D., F.R.S., 
The University, Bimungham. 

Plant Hobmones. — A very large number of papers have appeared 
in recent years on plant hormones, and it is only possible here to 
refer to a representative selection of these and indicate current 
trends of research. 

Since the isolation of the three hormones auxin a, auxin b and 
heteroauxin, and the establishment of their chemical constitution 
by Kdgl and his collaborators, many substances allied in oemstitu- 
tion to these have been examined, in order to determine whether 
they have growth-regulating properties resembling those of the 
auxins. This line of enquiry has culminated in an inweetigation by 

H. E. Thompson, C. P. Swanson and A. G. Nmrman asiisted by a 
number of other woi^ers (“ New Growth-Regulating Compounds, 

I. 'iSummary of Growthrlnhibitory Activities of some Oxganio Com' > 
pomids as Determined by Three Tests,” Baf, Gwn, 11^, 476-607, 
1946) in which 1060 oi^^aiuo oompnm^ wm^ examined 
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point of view of their growth-regulating activity. Three methods 
of testing were used* The first method depended on the retardation 
of growth of the primary root of maize seedlings resulting from 
germinating the grains in presence of an aqueous solution of the 
substance in a concentration of 10 p.p.m. (parts per million). In 
the second test a drop (0-02 ml.) of an aqueous solution containing 
4/^g. of the material was placed on the upper surface of the leaf of 
a kidney bean seedling and the resulting inhibition of growth was 
estimated. The third method depended on a somewhat similar 
test with “ oil ” os the solvent instead of water. More than 100 of 
the substances examined were found to have high growth-regulating 
activity. 

Much work has been carried out daring the last decade on the 
effect of auxins and related substances on various plant activities. 
Among recent investigations of this kind may be mentioned that of 
J. Berger, P. Smith and G. S. Avery on the effect of indoleacetic 
acid on respiration (“ The Influence of Auxin on Respiration of the 
Avena Coleoptile,” Amer. J. Hot., 33, 601-4, 1946). The ooleoptiles 
of oat seedlings grown under controlled conditions, and after removal 
of the tip and enclosed foliage leaf, were cut into segments about 
4 mm. long, immersed in solutions of indoleacetic acid for about 
15 hours and the respiration rate compared with that of controls 
not treated with auxin. It was found that the respiratory intensity 
of coleoptile tissue treated in this way with a solution of 10 mg. 
indoleacetic acid per litre was about 35 per cent, higher than that 
of the untreated control. 

The effect of growth hormones on the hydroljrais of starch has 
been examined by 8. C. Bausor (“ Effects of Growth Substances on 
Reserve Starch,” B<A. Oaz., 104, 115-21, 1942). He found that 
when cuttings of tomato plants supplied with a mineral nutrient 
solution containing sucrose, maltose, fhiotose, glucose or lactose, 
were treated with indoleacetic acid or /S-naphthoxyacetio acid in 
lanolin and then kept in the dark, there resulted a depletion of the 
starch, whereas controls supplied with the same solution, but without 
the growth substanoe; still had much starch after 6 days. On the 
other hind , 0*02 or 0*002 per cent, aqueous solutions of indoleacetic 
add inhibited amylolysis in thin seetions of tomato and bean 
stems. Reasons for the different effects in intact stems and in 
seeticsis is not clear. 

More information on this subject is provided by H, C. Eyster, 
who has examined the effect of indole-S-propionio acid and three 
ether growth substances on diastatio action (“ Auxin Action,” 
9T> 3&8-^9, 1943; “ Effect of Auxins on the Action of 
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Diastase in vitro," Plant Physiol., 21, 68-74, 1946). By the use of 
the iodine test for starch it was established that presence of the 
growth substance in concentrations of 26 and 60 p.p.m. retarded 
the hydrolysis of starch by free diastase, but if dia-stose adsorbed 
on charcoal was used the action of the enzyme was accelerated. 
Eyster suggests that there are two phases in the action of auxin 
on adsorbed diastase, the first phase involving the release of the 
enzyme from the adsorbent, while the second phase is concerned 
with the actual action of the auxin on the enzyme. In the first 
phase auxin accelerates the release of the enzyme and so tends to 
increase the rate of enzyme action ; in the second phase, the auxin 
retards the action of the freed enzyme. The auxin may thus be 
growth-promoting or growth-retarding according to the relative 
effects of the two phases. Eyster concludes that the interaction of 
auxins and enzymes at colloidal surfaces in the cell may bo similar 
to the interaction of auxin and diastase on the surface of charcoal. 

P. C. Marth (“ Effects of Growth-Regulating Substances on 
Shoot Development of Roses during Common Storage,” Bot. Qaz., 
104, 20-49, 1942) examined the effects of a number of growth 
substances, including indoleaoetic acid, on rose bushes in storage. 
Amo ng the effects noted was an inhibition of the sprouting of 
vegetative buds, which thus remain dormant. There was also 
observed a conservation of reserve starch. This might be ascribed 
either to direct inhibition of amylolysis or to inliibition of growth 
which would, of course, check the utilisation of reserves. 

C. L. Hamner and P. C. Marth have tested the effects of several 
growth substances, including indolebutyrio acid, on the rooting of 
cuttings of Solidago leaventoorihii (“ Effects of Growth-Regulating 
Substances on Propagation of Golden-rod,” Bot. Oaz., 105, 182-92, 
1943). They report that the rooting of cuttings of the stolon soaked 
for 3 hours in a 10 or 60 p.p.m. solution of indolebutyrio acid was 
somewhat bettor than that of untreated controls, while dusting with 
this and some other growth-regulating substances held in talc also 
brought about an increase in root production. A greater production 
of roots by stem cuttings also was brought about by soaking these 
for 3 hours in a 25, 60 or 100 p.p.m. solution of indolebutyrio acid. 

Results obtained in the past on the effect on growth by treating 
seeds with growth substances have been contrskdictory. Now 
W. S. Stewart and C. L. Hamner (“ Treatment of Se^s with 
Synl4»tio Growth-Regulating Substances,” Bot. Oaz., 104, 338-47, 
1942), have tested the effect on subsequ^t growth by tieatmg , 
seeds of radish and oat, planted in pots in a greenhouse, with m- 
dOleacetio acid and other growth substances in a wide of 
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concentrations. They found no significant increase in groerth 
resulted from the treatment. Field experiments carried out with 
the same and seven other crop plants produced the same negative 
result. However, R. W. Allard, H. R. Derose and 0. P. Swanson 
(“ Some Effects of Plant Growth-Regulators on Seed Germination 
and Seedling Development,” Bot. Oaz., 107, 676-83, 1946) found 
that 2, 4-diohlorophonoxyacetic acid retarded germination and 
brought about abnormalities in the growth of seedlings of a number 
of species including kidney beans, wheat and oats. 

A number of investigators have reported on the favourable 
effect on the setting of tomato fruit as a result of treatment with 
growth-regulating substances. Among these may be mentioned 
F. G. Gustafson (“ /?-Naphthoxyacetio Acid as an Inductor of 
Parthenocarpy in Tomatoes,” Proc. Amer. Boc. Hort. Sci., 40, 
387-9, 1942), and J, W. Mitchell and M. R. Whitehead {“ Effects 
of Vaporous Naphthoxyacetic Acid on Development of Tomato 
Fruits, with Special Reference to their Vitamin C Content,” Bot. 
Oaz., 104, 362-5, 1942). Gustafson applied the growth substance 
as a paste smeared on the cut surface, while Mitchell and Whitehead 
subjected the plants to the vapour of the substance in a closed room 
in wliich the plants remained overnight. Treatment reduces seed 
development, although the extent of the inhibition of seed production 
depends on the time of the treatment in relation to pollination. 
Thus Mitchell and Whitehead found that the greatest effect was 
obtained when treatment took place at the time of pollination or 
during the preceding 5 days, the number of seedless fruits developing 
then amounting to 60-70 per cent, of the whole. By repeatedly 
subjecting plants to the vapour these workers succeeded in raising 
the percentage of 'seedless fruits in some instances to 98 per cent. 
Determination of the vitamin 0 content of fruit from treated and 
untreated plants showed that the treatment brought about no 
reduction in the vitamin content. 

The pineapple in cultivation produces seedless or parthenocarpio 
fruit, but H. E. Clark and K. R. Kerns (“ Effects of Growth-Regulat- 
ing Substances on a Parthenocarpio Fruit,” Bot. Oaz., 104, 639-44, 
1943) found that spraying pineapple plants with a solution of 
«-naphthalene-acetio add after the fioral primordia had differentiated 
brought about a definite increase in the size and weight of the fruit. 

J. W. Mitchell and P. C. Marth (“ Effects of 2, 4-Diohlorophen- 
oxyacetic Add on the Ripening of Detached Fruit,” Bot. Oaz., 106, 
199-207, 1944) have examined the effect of the synthetic growth 
shbstance 2, 4-diohlorophenoxyaoetio acid on the ripening of a 
number of fruits (apples, bwuaoas, pears, peppers, persimmons and 
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tomatoes) detached from the plant. Of these di£Ferent fruits they 
found that apples, bananas and pears all ripened more rapidly as 
a result of the treatment,- whereas, judging from the change in 
colour, the treatment had no effect on the rate of ripening of peppers, 
perdmmons and tomatoes. In bananas application of the i(^ne 
test for starch showed that araylolysis proceeded at a more rapid 
rate as a result of the treatment. 

As regards the effect of growth-regulators on shoot development 
a very considerable piece of work has been carried out by 
C. E. Ostrom on forest trees (“ Effects of Plant-Growth Regulators 
on Shoot Development and Field Survival of Forest-Tree Seedlings,” 
Bot. Oaz., 107, 139-83, 1946). The species examined included a 
number of pines {Pinus reainoaa, P. pungens, P. tseda, P. rigida, 
P. ponderoaa, P. echinata), white ash {Fraxinua americana) and the 
tulip tree (Liriodendron tulipifera). A number of growth substances 
were used, including naphthalene-acetic acid, and the treatment 
was applied in various concentrations and in various ways as, for 
instance, by dipping in a solution, spraying, and exposing to a 
vapour. Treatment was applied in the nursery bed, before storage 
or before planting out. It was found possible to stop needle develop- 
ment of pine seedlings and in some species to inhibit the development 
throughout the season. The comparatively high concentrations 
required to inhibit growth were, however, near those toxic enough 
to kill the trees. The reduction of shoot growth in Pinna reainoaa 
brought about by treatment with growth regulators was not accom- 
panied by greater drought resistance. Spraying and treatment with 
vapour could also bring about an inhibiting effect on the develop- 
ment of etiolated shoots and a furthering of root development in 
seedlings of Fraxinua americana in storage. Treatment of trees 
before planting out did not result in any improvement in the survival 
of pines. 

Experiments on the effect of indolebutyrio acid on the develop- 
ment of the seedUngs of a number of trees, particularly eiustem red 
oedc {Quercua boreaUa maxima) have been made by T. E. Maki and 
H. Marshall (“ Effects of SoaUng with Indolebutyrio Acid on Root 
Development and Survival of Tree Seedlings,” Bot. Gat., 107, 
208-76, 1945). Here also there was little evidence of inorease in 
survival resulting from treatment with the indolebutyrio acid and 
relatively high ooneentratkais were definitely toxic. There was, 
however, a very definite inorease in root growth, but this was 
atwooiated with increase in mortality of the seedling. 

Severid investigators have shown that growth^regulators 
bihig about changes in form such as curvatures (ff thh stem, 
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tortions of petioles and production of galls. Some of these effects 
are described by J. M. Beal (“ Some Telemorphic Effects induced 
in Sweet Pea by Application of 4-ohlorophenoxyaoetic acid,” Bot. 
Oaz., lOS, 471-4, 1944 ; “ Further Observations on the Telemorphic 
Effects of Certain Growth-Regulating Substances,” Bot. Oaz,, 106, 
166-78, 1944). Since these effects are often produced at some 
distance from the place of application of the growth-regulator they 
are described' by Beal as telemorphic. 

It will be clear from what has already been written that growth- 
regulators in sufficient concentration can exert a toxic action. 
Different species can be affected to different extents by the same 
substance and this differential effect can be utilised in removing 
weeds from a crop. Recently much work has been done in testing 
the effects of different growth-regulators as weed-killers or herbicides. 
R. E. Slade, W. G. Templeman and W. A. Sexton (Nature, 155, 
497, 1946) mention an experiment carried out in 1940 in which oats 
and charlock were sown together and received an application of 
26 lb. of oe-naphthylacetic acid, with the result that the charlock was 
killed while the oats were only slightly affected and recovered com- 
pletely. The same workers report that other cereals behaved simi- 
larly to oats, while plantain (Plantago major) and yarrow (Achillea 
millefolium) behaved like charlock. They also tested the herbicidal 
action of a number of synthetic growth-regulators and found that 
4-chloro-2-methyl-phenoxyacetic acid was particularly active. An- 
other substance found to be a strong herbicide is 2, 4-dichlorophen- 
oxyaoetic acid (P. 0. Marth and J. S. MitcheU. “ 2, 4-Dichloro- 
phenoxyacetic Acid as a Differential Herbicide,” Bot. Oaz., 106, 
224-32, 1944 ; C. L. Hamner and H. B. Tukey, “ Selective Herbicidal 
Action of Midsummer and Fall Applications of 2, 4-Diohlorophen- 
oxyaoetic Acid,” Bot. Oaz., 106, 232-46, 1944; P. S. Nutmon, 
H. G. Thornton and J. H. Quastel, “ Inhibition of Plant Growth 
by 2, 4-Diohlorophenoxyaoetie Acid and other Plant Growth 
Substances,” Nature, 165, 497, 1946). 

Work by the various investigators cited shows that by the use 
of these herfficides such weeds as com buttercup (Banunctdus 
aruenaii), field poppy (Papaver Bhcea*), corn marigold (Ckryaanthe- 
mum aegetum), corn spurry (Spergvla arvenaip), dandelion (Tar- 
amcum dena-leonis) and pennywort (Hydroootyle rotmdifolia) can 
be removed from a cereal crop. Much activity is at present being 
shown in investigating the effects of 2, A^dichlorophenoxyaqetic acid 
on various plant speoieB and under various conditions. 

^ reffirenoe may be made to apaper by S. A. Gordon on the 

state in which auxins occur in plants (” Auxin-Protm Comifiexes 
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of the Wheat Grain,” Amer. J, Bot., 33, 100-9, 1946). The view 
is accepted thftt in living tissues auxins are bound with other group- 
ings and in particular with proteins. This is indicated in the wheat 
grain, since both endosperm and embryo meals after digestion with 
trypsin have bn auxin content about three or four times as high as 
that of undigested controls. The various proteins of the wheat 
grain, glutenin, gUadin, a-glutelin, /9-glutebn, globulin, leuoosin and 
proteose, were extracted and their growth activity found to be zero 
by the Avena test. They were then subjected to the action of 
trypsin under controlled optimum conditions of temperature and 
pH, and the amount of free auxin left after digestion of the protein 
determined. A considerable amount of auxin was obtained in this 
way from the leucosin, globulin and proteose of the embryo, less 
from the gliadin, glutenin and a-glutelin of the endosperm, while 
none was obtained from the /3-glutelin. From electrodialysis experi- 
ments Gordon concludes that the auxin is held to the protein by 
adsorption or as an unstably bound electrolyte. 

ENTOMOLOGY. By A. D. Lbks, M.A., Ph.D., Agricultural RoBearoh 
Council, Unit of Insect Physiology, Cambridge. 

Mouth-parts and Feeding Mechanisms. — Future writers of text- 
books on medical entomology will no doubt draw freely from the 
monograph by R. E. Snodgrass on the feeding apparatus of biting 
and sucking insects affecting man and animals {Smithsonum Misc. 
Cell., 1944, 104, No. 7). The scope of this publication is wide and 
is based on broad evolutionary considerations. The sucking lice 
(Anoplura) are approached by way of the biting lice (Mallophaga) 
and the booklice (Ck>rrodentia) ; and the Thysanoptera serve as an 
introduction to the Hemiptera. The Diptera, particularly disease- 
oarr 3 nng species, take pride of place however. Particular attention 
is given to the arrangements of the muscles actuating the biting 
and piercing armature, inasmuch as they serve as guides both to 
the mechanisms of feeding and to the homologies of the mouth-parts 
themselves. In a later publication devoted to the skeletal anatomy 
of ffeas {Sriuiheonian Misc. CoU., 1946, 104, No. 18) the same author 
reconsiders the mouth-parts and feeding mechanisms in these insects . 
Certain of the flea organ systems, for example the male intromittent 
or^m, are of extraordinary complexity. 

The mouth-parts of the weevil Gaiandra jrmnorio exhibit many 
structural and functional mod^cations in ooimeotion with their situ- 
ation at the tip of an donated rostrum (R. Dmmell, Phil. Trme. Bi, 
1942, 231, 247). They ate aotuated by long tendous in the rostrum, 
musdes Ijring entirely within the h^ oapst^. The outtuag off of 
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partioles of grain, their trituration and subsequent passage into the 
pharynx can be related to the mechanics of the mandibles and 
maxUlse. Attached to the bases of the mandibles and lying in the 
pharynx are long braoons armed with recurved spines. These 
move with the mandibles and, assisted by pressure fipora the roof, 
are instrumental in thrusting the food particles down the pharynx. 
The proventriculus in this insect is lined by a number of grooved 
plates provided with numerous fine setse. It functions as a sieve, 
retaining food in the crop until partially digested by the mid-gut 
digestive juices. 

That filtration is not the original function of the proventriculus 
in the Coleoptera is shown by F. Balfour-Browne {J. Boy. Micros. 
Soc., 1944, 68) in a study of the evolution of this organ in the 

Adephaga. In the more primitive Hydradephaga the proventriculus 
is a crushing organ made up of overlapping “ apron ” lobes and 
“ crusher ” plates, the latter bearing formidable teeth. In more 
advanced forms, like the Dytiscidser the chitinous teeth disappear 
and the proventriculus appears to serve only as a filter. This is 
also its function in most Qeodephaga where the occurrence of 
a definite crushing apparatus is rare. 

Insect Dietetics. — ^The basic food requirements of insects, and 
particularly their vitamin requirements, have recently received much 
attention. The dietetics of a number of insects infesting stored 
products are examined in a series of papers by G. Fraenkel and 
M. Blewett. Sterols were found always to be essential for growth 
{Bioehem. J., 1943, 37, 692). Many flour insects, such as TriboUum, 
Silvamis, Ptinus and Ephestia, grow on a diet of either animal or 
vegetable origin and can utilise cholesterol, sitosterol or ergatosteroL 
The hide beetle Dermestes can only grow if cholesterol is present — 
a circumstance which may limit the beetle to food of animal origin. 
The need for carbohydrates in the diet varies in different insects. 
For Ephestia kuehnieUa, Sitodrepa and Silmnus, insects which infest 
all kinds bf cereal products and sometimes dried fruit, carbohydrates 
are essential for growth. Other insects, such as the tobacco beetle 
Loatoderma, are much less exacting in this respect (J. exp. Biol., 
1943, 28). The carbohydrate requirements of Ephestia are 

particularly high, the moths thriving <ni a diet containing up to 
80 per cent, glucose. But, whereas glucose can be successfully 
replaced by starch in the diet of E. kuehwielia, two other species, 
S. ehtteMa and B. eavieUa, oatmot grow in its absence. In infested 
dom mills the latter species may be feeding mainly on the fragments 
of the wheat germ which are rich in glucose ; E. hiehiiieUa also feeds 
on the endosperm of the grain (/. easp. Bi6l.\ 1946, 22, 162). . 
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other fot-soluble substanoee besides sterols are necessary for the 
growth of the moths Epheatia and Plodia. These are present in 
wheat germ oil. If this is deficient, growth is slow and the moths 
fail to emerge or do so with only a few scales on the wings. In tliis 
latter condition the scales appear to be fully formed but adhere to 
the inside of the pupal case {J. exp. Biol., 1046, 22, 172). . The 
active principle of the saponifiable fraction of the germ oil, which 
is lesponsiblo for emergence and good scales, is linoleic acid. 
A constituent of the unsaponifiable fraction is also necessary for 
the growth of the larvae. This may be vitamin E, winch functions 
as an antioxidant stabilising linoleic acid. 

It has been known for many years that certain insects such as 
Tribolium develop much more rapidly on wholemeal flour than on 
highly mUled patent flour ; and it has been suggested that this 
effect is traceable to a deficiency in the patent flour of vitamins of 
the B-oomplex. By supplementing a deficient diet with chemically 
pure vitamins Fraenkel and Blewett have shown that the vitamin 
requirements vary considerably from insect to insect (Biochem. J,, 
1943, 37, 686). The beetles Ptinus and Tribolium require at least 
six of the B vitamins for adequate growth. On the other hand, 
the requirements of the Anobiid beetles Lasioderma and Sitodrepa 
are quite different : the growth of the first is slightly benefited by 
the addition of four B vitamins, whfie the second requires the 
addition of thiamin only. These differences can be attributed to 
the presence of intracellular symbionts in Lasioderma and Sitodrepa 
and their absence in the other insects. The symbionts can be 
shown to be supplying B vitamins if the larves are freed frxim 
jsymbionts by sterilising the eggs. Sterile larvae of both species fail 
to grow in the absence of at least five vitamins of the B-group 
{Proc. Bop. 8oc. B., 1944, 132, 212). 

Many years ago the suggestion waa made that the symbiotic 
micro-organisms which occur in all blood-sucking insects supply 
their host with some necessary food substance that is hiddng in 
fal<K>d. The growth of the Triatomid bug Bhodmus in the absence 
of its symbionts has recently been investigated by G. Bieohw and 
V. B. Wigglesworth (Pflwositofogry, 1944, 36, 220). The organism, 
Actmmyces rhodnii, invariably occurs in the gut cf the bug. It is 
nbt transmitted through the egg, but ie^ taken up by the young 
nymph from the eontaminated ^g-shell or from the excreta of othm* 
bugs. Insects reared from sterilised eggs gjtasr and moult normally 
until the 4th or 6th instar, when moulting beHtxnniM delays. Fetr 
insects become adult and these are inoaiMdile of mprodubtio^ 
Tlmre is evidenoe that ths .dc^nomyces provide a 
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B-group this in turn may be needed for the production of the 
moulting hormone. 

Other micro-organisms may play a more direct r6b in the 
nutrition of the host insect. Hemiptera feeding on plant sap tusquire 
only a small proportion of protein in their diet ; some, for example 
aphids, ingest very large quantities of sap but whether the protein 
thus acquired by these insects suffices to meet the demands made 
by their enormous reproductive capacity has been questioned. 
According to L. T6th, A. Wolsky and M. B&tori {Z. vergl. Physiol,, 
1942, 30, 67), the myoetomes of aphids and of the Cercopid Aphro- 
phora harbour bacteria, possibly Azotobacter, capable of the fixation 
of atmospheric nitrogen. Following the technique adopted for root 
nodule bacteria these authors cultured macerated insect tissues in 
dilute oxaloacetic acid. Mioro-kjeldahl estimations showed that the 
nitrogen content of the medium was often considerably enriched, 
sometimes by as much as 100 per cent., after incubation for five 
hours at 25° C. 

GutNETIO StECOTCTRE OP DaoaOPUlLA POPtTLATIONS AND SPBOIA- 
TION. — Since the discovery of the common occurrence of recessive 
mutations in natural populations of DrosophUa, further work has 
continued to emphasise the extent of the concealed genetic variability. 
T. Dobzhansky, A. M. Hok and B. Spassky {Genetics, 1942, 27, 
463) have studied this variability in natural populations of D. psevdo- 
obseura. When homozygous, 21 per oeift. of the second and 41 per 
cent. o£ the fourth chromosomes recovered from wild flies were found 
to reduce the viability of the stock, while 1 per cent, and 0-5 per cent, 
improved the viability. Similarly, a high proportion of the chromo- 
somes carried genes reducing the rate of development, many fewer 
hastening it. A significant proportion also earned sterility genes, 
and a smaller number visible mutants. 'iHie authors point out that 
it is the adaptive level of the heterozygotes rather than the aooumula- 
titm of deleterious recessive genes that is of greater signifioanoe. 
Only in very sinall breeding populations will the viability of 
the homozygotes assume much importance. D. paeudoobseura is 
a f^reoiee breeding in moderately small units in arid mountain 
regions, t Jn the much larger breeding populations of American 
D. melamgcuiter deleterious (lethal or semi-lethal) mutants are carried 
by as many as 67 per cent, of the second chromosomes (P. T. Ives, 
167). These populations appear to be laigdiy 
mamtainGd by heterosis. The species would conceivably suffer if 
Ibi^lUtQsmt^ 

A geiM»type which k tmiavouxable under one set of enYirtm- 
mimtai condition or ffivourable under others. 
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T. Dobzhansky and B. Spassky (Genetics, 1944, 29, 270) have oom- 
parod the behaviour of flies homozygous or heterozygous for 
26 second and 22 fourth wild chromosomes when temperatures, 
population densities and culture conditions were varied. A great 
deal of potential adaptive veuriability was uncovered. For example 
one genotype was normal at 16® C., but completely lethal to flies 
reaped at 26° C. Some genotypes were more favourable at nigh, 
others at intermediate or high population densities. Some viabilities 
superior to normal (wild type) flies were observed, but none was 
superior imder all conditions. The rate of development is a more 
stable character and homozygotes showing a slowed development in 
one environment were also slower in others. 

The full extent of the plasticity in the genetic structure of 
natural populations has only recently been reahsed. T. Dobzhansky 
(Genetics, 1943, 28, 162) has taken samples of D. pseudoobseura 
from three localities throughout the year and has followed the 
relative frequencies of certain gene arrangements in the third and 
X chromosome by salivary gland analysis. These irequencies were 
found to change from month to month ; moreover, they were 
regular and cyoho, following the annual climatic cycle. The changes 
are believed to be caused by natural selection favouring the carriers 
at certain seasons, for they can be partially reproduced when fly 
populations are kept in cages under controlled temperature condi- 
tions (T. Dobzhansky aiiS S. Wright, Genetics, 1946, 31, 126). 
The selective value is probably due to their association with genes 
conferring physiological advantages rather than to the arrangements 
themselves. 

Only a few years ago it appeared as if Drosophila were not a very 
favourable organism for studying the mechanisms of evolution ; 
the unique weapon of salivary gland analyms could be applied only 
to the few oases of interspeoifio hybridization then reported. Now 
at least sixty cases of hybridization between species or subspecies 
have been desmibed. Advances in taxonomy (A. H. Sturtevant,* 
Univ. Texas Pvbl., No. 4213, 1942) and in our knowledge of the 
distribation of the Drosophilidse (c.p. J. T. Patterson et al., Unio. 
Texas PM., Nos. 4313 and 4466) have proceeded alongside these 
genetic studies. 

It is becoming apparent that speoiation in Drosophila is com- 
monly associated with the accumulation of gene differences rather 
than with the occurrence of large sectional ohromiOEK>me rearrange- 
ments, although these may arise after effeorive isodbr^ 
established. Of particular interest is the droumstanee^^^^^ t^ 
various isolating meehanisms, of which the ooaamcisest^ a^ geo- 



BNTOMOLOOY 


331 

graphical or eoologioal isolation, sexual incompatibility and hybrid 
sterility, appear to be operating independently and to a variable 
extent in different groups of species and subspecies. Morphological 
difference have no constant significance, ^me groups in which 
the physiological and genetic barriers to interbreeding are fully 
established are indistinguishable, while other geographical strains 
are separable by many morphological differences but are not as yet 
isolated as breeding units. The following examples are taken 
mainly from the extensive work of J. T. Patterson and his associates 
(Univ. Texas Pvbl., No. 4228 (1942), and No. 4466 (1944)). 

Qeographioal strains of the species D. repleta differ by a whole 
ensemble of genes and show considerable sexual isolation. When 
induced to breed together, however, no consistent cross-sterility is 
observed (L. T. Wharton, 1942). Sexual isolation in this case 
may function to establish within the large population smaller units 
whose flexibility favours rapid evolutionary changes. 

The funebria group includes the cosmopolital species D. funebns 
and the indigenous North American species D. subfunetnis and 
D. macrospina. The latter has become differentiated into at least 
three subspecies, namely macrospina, ohioensis and limpiemis 
(G. B. Mainland, 1942). In crosses between the last three there is 
a variable degree of hybrid sterility, but its extent is less when 
strains of decreasing geographical separation are crossed. This is 
entirely different from the well-known case of D. pseudoobscura and 
D. miranda investigated by Dobxhansky, where strains of psevdo- 
obsoura from “ miranda ” localities are more effectively isolated 
from interbreeding with miranda than are strains from localities 
whme miranda is absent. The probable explanation is that the 
distribution of pseudoobscura ' and miranda is overlapping, and 
sdeotion favours the evolution of mating barriers between popula- 
tions of flies adapted to a particular set of environmental conditions. 
The macrospina subspecies, on the other hand, replace one another 
across the continent, and being wood-dwelling forms are probably 
breeding in comparative isolation from one another. 

A eomewhat similar case of incipient isolation is described in 
D. poX^pennis hy S. T. Patterson and T. Dobsshansky {Genetics, 
1845, 30, 428). The two subspecies pallidipennis and centralis 
occur in Brasil and Mexico respectively. Fresh specimens can just 
be (Bstinguished morphologically. Their gene arrangements are 
ktentieal save for one autosomal inversion. In other respects the 
situation ie almost the reverse of the repleta example, for; whereas 
no sexual iscdation exists between the two subspecies, the male 
%bticbi are obmpletely' sterile. 
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Differentiation is further advanced in the species D. mvUeri and 
D. aMrichi. In southern Texas where their distributi<ni is largely 
overlapping, these species are associated with Opuntia, the larvw 
feeding on certain strains of yeasts in the rotting fruits (R. P. Wagner, 
1944). Sexual isolation is riot complete, however, for a few sterde 
male hybrids are found in nature (J. F. Crow, 1942). In this case 
muUeri and aJdrichi may have developed incompatibility through 
the accumulation of gene mutations while in isolation and once 
present this has permitted the two species to colonise the same 
habitat. 

In view of the prevalence of sexual isolating mechanisms in 
Drosophila it is interesting to find that they may arise quite readily, 
sometimes as the result of a single gene mutation. A case has 
recently been described in D. obscura by J. M. Rendel {J. Oemt., 
1945, 46 , 287). The flies have a very definite mating behaviour 
which depends upon vision. The male courts the females by flicking 
and spreading his wings or by sticking out his proboscis, thus fixing 
her attention before he attempts to copulate. The female may 
refuse the attentions of the male by walking or flying away, twisting 
her abdomen or kicking with the middle legs. The latter sign is 
always taken by the male as a final refusal. Male flies homozygous 
for yellow appear to be distasteful to wild type females, and are 
nearly always refused by them in this manner. Yet the courtship 
of yellow females by yellow males is completely successful. 

The Biohomios akd Control of the Cirrot Fly in Bnolanb. 
— ^In East Anglia the carrot &y PsUa rosse passes through two mid 
sometimes a partial third generation (D. W. Wri^t and D. G. 
Ashby, Ann. appl. Biol., 1946, 33, 263). The first generation flies 
emerge in May and lay their eggs in the soil near the carrot plant. 
The larv«s give rise to the second generation of flies which emerge 
from August to October. The overwintering population in the soil 
consists of eggs, larves and pups. 

Heavy damage by the mining of the larvss may result in 
unmarketability and total loss of the crop. Now in most fields the 
heaviest maggot damage occurs round the edges and headlands 
(P. R. Petherbridge, D. W. Wright and D. G. Ashby, Ann^ appl, 
Biol,, 1942, 29, 380). This distribution has been traced to the 
behaviour of the adult. The insects are weak flyers and altet 
emergmme assemble in the hedgerows for shelter (F. T> Baker ef 
Ann. appl. Biol., 1942, 115 ; F, B. Petherbri*^ and 

Wright, ibid., 1043, 30, 348). The dispersal of the |^ |c^ 
is greatly infiuenc^ by the meteorologioal t^ 

Wind is not too strong, particularly on warm dayii^^^t^ 
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leave the hedgerows in the late afternoon, moving into the fields to 
oviposit. Afterwards they drift downwind and take shelter again. 
Previous cultural practices included the late sowing of carrots to 
avoid the first generation of flies. The fuller understanding of the 
biology of the pest has enabled further recommendations to be made 
and has rendered control practicable. The measures proposed 
include the sowing of carrots in large fields, trimming h^ges, 
keeping ditches free from weeds and eliminating shelter in the form 
of neighbouring crops such as potatoes. The ideal means of control 
appears to be the complete coverage of the headland vegetation 
xdth a residual deposit of a lasting insecticide such as DDT (F. B. 
Petherbridge et al., Ann. appl. Biol., 1946, 32, 262). Suitably 
applied round the edges of the field the insecticide affords complete 
protection from carrot fly for as long as three weeks. 



NOTES 


Tschnetium and Astatine (F. P. D. ) 

In letters to Nature of January 4, 1947, proposals are made for 
naming the two elements of atomic numbers 43 and 86. 

C. Perrier and E. Segrfe in 1937 and 1988 showed that radio- 
active isotopes of element 43 could be formed by neutron or deuteron 
bombardment of molybdenum by the 37-in. cyclotron at the Univer- 
sity of California. Several chemical properties of the element were 
established at the same time. In 1940 C. S. Wu and E. SegrA found 
element 43 among the fission products of uranium, a source from 
which relatively large amounts of the element can be isolated. The 
name “ technetium,” derived from the Greek rexvr}T(S{, artificial, 
is proposed for the element, since this is the first element to be 
made artificially. The chemical symbol is Tc. 

D. R. Corson, K. R. Mackenzie and E. Segrfe in 1940 prepared 
an isotope of mass 211 of element 85 by bombarding bismuth with 
alpha particles in the 60-in. cyclotron at the University of California. 
Several chemical properties of element 86 were established and a 
complete nuclear study of the isotope formed was made. Since this 
is the only halogen without stable isotopes, it is proposed to name 
it " astatine ” from the Greek Sararos, unstable. The chemical 
symbol is At. 

Miscellanea 

A long New Year Honours List contained the names of the 
following scientists and others associated with scientific work : 
O.M. : Field Marshal J. C. Smuts. K.C.V.O. : Mr. Evelyn C. 
Shaw, secretary to the Commissioners of the Exhibition of 1861. 
Knights : Major-General H. C. Buckley, formerly principal of 
the Medical College, Agra ; Dr. W. H. Coates, a deputy-ohaimum 
of Imperial Chemical Industries, Ltd. ; Prof. Kerr Grant, profisssor 
of physios in the University of Adelaide ; Prof. W. N. Hawdrth, 
Mason professor of chemistry in the University of Binfiingham ; 
Prof. C. E. Herons, professor of bacteriology and preventive medicine 
in the University of Otago ; Dr. E. W. Smith, latdy president of 
the Institute of Fuel ; Mr. B. Thomaa, agricvfitaral adviser to 
Oovemment of Sind, C.B. : Air Commodore F. Whittle. 0iM,O. : 
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Ptof. P. A. Buxton,, professor of entomology in the University of 
London, London School of Hygiene and Tropical Medicine ; CJ.E. : 
Mr. A. P. F. Hamilton, inspector-general of forests, India ; Colonel 
O. Slater, director of the survey of India ; Lieut.-Oolonel W. J. 
Webster, senior assistant director. Central Research Institute, 
Kasanli. C.B.E. : Prof. F. T. Brooks, professor of botany in the 
University of Cambridge ; Mr, 0. V. Guy, secretary of the Cam- 
bridge University Appointments Board ; Prof. T. D. Jones, professor 
of mining in the University of Wales, University College, CardiflF ; 
Dr. F. C. Toy, director of the British Cotton Industry Research 
Association ; Prof. T, Wallace, director of the Bristol University 
Agricultural and Horticultural Research Station, Long Ashton. 

At the anniversary meeting of the Royal Society, held on Novem- 
ber 30, the Royal Medals of the Society for 1946 were presented to 
Sir Lawrence Bragg, Cavendish professor of experimental ph 3 r 8 ios 
in the University of Cambridge, for his distinguished researches on 
the structure of solids, and to Dr. C. D. Darlington, director of the 
John Innes Horticultural Institution, in recognition of his distin- 
guished contributions to cytology. The following medals were also 
awarded : The Copley Medal to Prof. E. D. Adrian, professor of 
physiology in the University of Cambridge, for his outstanding 
contributions to nerve phyriology. The Rumford Medal to Sir 
Alfred Egerton, professor of chemical engineering in the University 
of London, Imperial College of Science and Technology, for his 
distinguished researches on combustion. The Davy Medal to Prof. 
C. K. Ingold, professor of chemistry in the University of London, 
University College, for his outstanding researches in physico-organio 
chemistry. The Darwin Medal to Sir D’Arcy Wentworth Thompson, 
professor of natural history in the Unive^ty of St. Andrews, in 
recognition of his distinction as a zoologist. The Sylvester Medal 
to Prof. G. N. Watson, professor of pure mathematios in the 
University of Birmingham, for his dfetinguished contributions to 
mathematical analysis. The Hui^es Medal to Prof. J. f. Randall, 
Wheatstone professor of physios in the University of London, King’s 
OoUege^ for his distinguish^ contributions to applied physios, and 
ec^iecially the development of the magnetron. 

The fdlowing have been elected officers of the Society : Sir 
Ecd>«rt Robinson, presMeht; Sir Thomas Merton, treasurer ; Sir 
Alfred Bgerton and Sir Edward Salisbury, secretaries ; Prof. 
E. D. Adrian, foreign seoretaiy. 

Dr, C. J. Mackenzie, president of the National Research Ooundl 
ttf ’ OamMia, has been elected a Fellow of the Rc^l Sodefy under 
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the statute which provides for the election of persons \rho either 
have rendered conspicuous service to the cause of sownoe or are 
such that their election would be of signal benefit to the Society. 

The Nobel Prize for Physiology and Medicine for 1946 has been 
awarded to Dr. H. J. Muller, and the Prize for Physics to Prof. 
P. W. Bridgman. The Prize for Chemistry is shared by Prof. 
J. B. Sumner, professor of biochemistry in Cornell University, and 
jointly by Dr. W. M. Stanley and Dr. J. H. Northrop of the Rocke- 
feller Institute for Medical Research, Princeton, N.J. 

The Dr. W. S. Bruce Memorial Prize for 1946 has been awarded 
by the Joint Committee of the Royal Physical Society of Edinburgh, 
the Royal Scottish Geographical Society and the Royal Society of 
EdinbuJ^h to Lieut-Colonel P. D. Baird for his vaJuable survey 
and geological work with Mr. J. M. Wordie in North-West Greenlamd 
and Baffin Island in 1934, and with Mr. T. H. Manning’s British 
Canadian Arctic Expedition in 1936-37. 

The Cambridge Philosophical Society have awarded the Hopkins 
Prize for the period 1933-39 to Prof. J. D. Cockcroft, director of the 
Atomic Energy Research and Development Establishment at Har- 
well, for researches on the artificial transmutation of elements ; and 
to Prof, E. A. Milne, Bouse Ball professor of mathematics in the 
University of Oxford, for researches on stellar structure and 
cosmology. 

The Gold Medal for 1947 of the Royal Astronomical Society 
has been awarded to Prof. M. G. J. Minnaert, of Utrecht, for 
his outstanding contributions to solar physios, particularly solar 
spectrophotometry. 

Dr. Karl Weissenberg of the Shirley Institute, Didsbury, Man- 
chester, has been awarded the Duddell Medal of the Physical Society, 
in recognition of his invention and developmrat of X-ray goniometeta. 

Other medals awarded include those of the Geological Sociefy 
of London : the Wollaston Medad to Dr. J. B.- Tyrrell, the Murohison 
Medal to Mr. Percy Evans, the Lyell Medal to Dr. Stanley Smith, 
and the Bigsby Mhdal to Dr. G. H. Mitchell ; the Symons Medal 
of the Royid Meteorologiosl Society to Prof. D. Brunt ; the Faraday 
Medal of the Institution of Bleotrioal Engmeers to Leonard 
Pearoe ; the Baker Medal of the Institution of Civil En^pmsers to 
Mr. G. L. Groves ; the Oadmaa Medal of the Institute of Petrolemu 
to Mr. R. P. Bussell ; the HinoMey Medal of the Biitidli iasosfotto 
of Cffiemists to Mr. 0. 6. Garland. » s 

Sir Hmiry Tizard, KG>B., has hemi «|ipotttted idiairmwn 
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of iihe newDefenoe Besearoh Pdioy Committee and of the Advisory 
Council on Scientific Policy. 

Sir Ben Lockspeiser, director-general of scientific research (air) 
at the Ministry of Supply, hsus been appointed chief sdentist to the 
Ministry. 

The National Coal Board have appointed Dr. W. Idris Jones to 
be direotor-geneml of research, and Prof. H. L. Riley of the Univer- 
sity of Durham to be director of -carbonisation research. 

Prof. A. V. Hill, Foulerton research professor of the Royal 
Society, has been elected a trustee of the British Museum. 

Dr. Julian Huxley, executive secretary of the Preparatory Com- 
mission of UNESCO has been appointed director-general of the 
Organisation. 

Dr. R. A. Silow, until recently scientific officer of the Agricultural 
Research Council at the Hant Breeding Institute, Cambridge, has 
been appointed director of the British Council’s Science Office in 
China, in succession to Dr. Joseph Needham. 

Mr. O. V. B. Herford has been appointed director of the Pest 
Infestation Laboratory of the D.S.I.R. at Slough. 

Dr. T. W. J. Taylor, C.B.E,, is principal-designate of the new 
University College of the West Indies, to be established in Jamaica. 

The following University appointments have been announced : 
Prof. G. C. Allen, professor of political economy in the University 
of London, University College ; Mr. A. J. Ayer, Grote professor of 
philosophy of mind and logic in the University of London, University 
College' ; Dr. N. A. Borges, professor of botany in the University 
of Sydney ; Mr. W. L. S. Fleming, director of fhe Scott Polar 
Research Institute, University of Cambridge; Dr. H. Jefl&eys, 
Plumian professor of astrcmomy and experimental philosophy in the 
University of Cambridge; Dr. F. Coles Phillips, George Herdman 
professor of geology in the University of Liverpool ; Dr. F. J. W. 
Boulton, John Humphrey Plummer professor of colloid science 
in ^e University of Cambridge; Prof. P. C. Sarbadffikary, Sir 
Radh Behari Ghosh professor of botany in the University of Calcutta ; 
Dti. R. J. Sarjant, professor of fiiel technology in the UnivOTsity 
of Sheffield ; Mr. N. J. Soorgie, Courtauld professor of anhmd 
hsnham veterinary hygiene and dietetics at the Royal Veterinary 
Coleige ; Dr. £. A. Stew«rdaon> professor of physios at Univw^ty 
College, Leicester ; Dr. 6. Tolandky, professor of physios in the 
Univendty of London, Rosral HoUoway College ; Dr. C. H. Wadding- 
tooi, professor of animal genetioa in the University of Edinburgh ; 

W* L. Waterhotise» nwearoh professor in agrioidtnre in the 
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University of Sydney ; Dr. A. G. Walker, professor of mathematics 
in the University of Sheffield. 

We have noted with great regret the announcements of the death 
of the following scientific workers : Mr. W. Bamicot, M.B.E., 
secretary of Rothamsted Experimental Station ; Prof. J. Shaw 
Bolton, emeritus professor of mental diseases, University of Leeds ; 
Prof. R. M. Perrier, emeritus professor of civil engineering, University 
of Bristol ; Sir John Flett, K.B.E., F.R.S., formerly director of the 
Geological Survey of Great Britain and the Museum of Practical 
Geology ; Prof. T. W. Griffith, C.M.G., emeritus professor of medi- 
cine in the University of Leeds ; Mr. A. B. Jackson, botanist ; 
Prof. W. L. Jepson, emeritus professor of botany in the University 
of California ; Prof. J. G. Koenigsberger, professor of physics in 
the University of Freiburg ; Prof. P. Langevin, For.Mem.R.S., 
director of the Ecole de Physique et Chimie Industrielle, Paris ; 
Prof. H. P. Lewis, professor of geology in the University College of 
Wales, Aberystwyth ; Dr. A. Liebert, sometime director of the 
Kant-Gesellschaft and extra-ordinary professor of philosophy in 
the University of Berlin ; Dr. Dorothy Jordan Lloyd, director of 
the British Leather Manufacturers’ Research Association ; Mr. 
J. K. Lubanski, physicist ; Dr. C. T. Madigan, lecturer in geology 
in the University of Adelaide ; Prof. K. Mannheim, professor of 
education in the University of London ; Prof. E. L. Mark, emeritus 
professor of zoology in Harvard University ; Dr. H. Obermaier, 
prehistorian ; Dr. H. Roberts, writer on social medicine and related 
topics ; Mr. W. H. Roberts, recently city analyst of Liverpool and 
associate professor of public health chemistry in the University of 
Liverpool ; Mr. C. C. Robertson, formerly chief research officer and 
professional assistant to the chief conservator of forests. Department 
of Forestry, South Africa ; Mr. C. Rodgers, O.B.E., deputy director 
of the British Electrical and Allied Manufacturers’ Association ; 
Prof. F. M. Rowe, F.R.S., professor of colour chemistry and dyeing 
in the University of Leeds ; Mr. J. W. Sandstrbm, formerly director 
of the Stockholm Meteorological and Hydrographic Institute ; 
Prof. A. E. Tchitohibabin, chemist ; Mr. R. N. Vyvyan, formerly 
engineer-in-chief of the Marconi Co. ; Mr. J, D. Watson, formeriy 
engineer to the Birmingham, Tame and Rea Drainage Board ; 
Brigadier H. St. J. L. Winterbotham, C.B., C.M.G., D.S.O., formerly 
director-general of the Ordnance Survey. 

The Society of I^rs and Colourists inform us that Mr. J. Bamtt, 
Head of the Department of Ohemioal Tedmology at the Wool 
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Industries Research Association, has been appointed Hon. Secretary 
in succession to the late Mr. J. S. Ridsdale, and that Mr. C. L. Bird, 
lecturer in dyeing at Leeds University, has been appointed Editor 
of the Journal of the Society in succession to the late Prof. P. M. 
Rowe. 

We are asked to draw attention to the meetings of the West 
Middlesex and South Buckinghamshire Scientific Society, which are 
held once a month at Bishopshalt School, Hillingdon. One paper, 
lasting 60 to 90 minutes, is read at each meeting, followed by a 
discussion. Field and joint meetings are held in the summer months. 
The Hon. Secretary is Mr. C. J. S. Bromfield, “ Dingle Combe,” 
Potters Cross, Iver Heath, Bucks. 

The BuUetin of the Imperial Institute (Vol. XLIV, No. 3, July- 
September 1946) contains an account of the search for oil carried 
out in England and Scotland since the last report on the work was 
issued in 1939. The results of very extensive drilling have, on the 
whole, been disappointing. Six oilfields have been found : four in 
Nottinghamshire, one in Lancaslure and one in the Midlothian area 
of Scotland. Up to Juno 1946 the Midlothian field had 3aelded 
about 2000 tons of oil, the field in the Pormby area of Lanca- 
shire 6900 tons and only the wells in the Nottingham area had 
produced any really useful quantity of oil. Here 237 wells have 
yielded over 430,000 tons — an output comparable with that of an 
average field in the Mid-Continent area of the U.S.A. The wells 
at Eakring are most productive and have given about three-quarters 
of the total output : a test well at Duke’s Wood was drilled to 
7476 ft., the greatest depth yet reached in Great Britain. The wells, 
now operated by pumping, give a greenish-brown oil of a paraffinic 
nature. The motor and aviation spirit distillates have a high octane 
value ; high-grade lubricating oils can be prepared. 

Since the end of the War the D’Arcy Exploration Op. and the 
Anglo-American Oil Co. have taken out licences for drilling over 
an asea of about 16,000 sq. miles. Much drilling has been done 
but no useful results have been reported. The present rate of 
production is 4600 tons per month ; in September 1943 a peak 
nte of 10,000 tons was attained. 

The same issue of the BuUeiin contains a detailed account of the 
geology of the Namwele-Mkomolo coalfield which lies between Lake 
Eukwa and ibe southern end of Lake Tanganyika. The Namwele 
area has ooid reserves above the 2000-ft. level estimated at 4 million 
tons and there is possibly rather more than half as much in Mkomolo. 
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The coal is a high volatile bituminous coal with a high ash ( > 25 per 
cent.) and sulphur {c. 7 per cent.) content. 

We have received copies of several issues of the monthly Bulletin 
of the British Scientific Instrument, Research Association, which first 
appeared in April, 1946. Intended primarily for the use of members 
of the Association it is supplied to non-members at a cost of £2 
per year. The offices of the Association are at 26 Russell Sq., 
London, W.C.l, and here also are the Information Department and 
the Library. The laboratories have just been transferred to “ Sira,” 
Southill, Elmstead Woods, Chislehurst, Kent, where there is ample 
space for experimental work and excellent equipment including, 
for example, glass-making crucible furnaces, high vacuum plant and 
an electrical sub-station capable of supplying a maximum demand 
of 100 kVA. The Bulletin contains a page or so devoted to Associa- 
tion notes and rather less than 20 pages containing a survey of 
current literature relating to scientific instruments, lists of additions 
to the library and of reports on German industry : in all a most 
useful publication. 

The issues of the BeU Laboratories Record for October, November 
and December 1946, contain descriptions of many more appliances 
devised or developed in the Laboratories during the war and of a 
few developed since its conclusion. Examples of the former are the 
SL Radar System used by naval surface craft, the SJ System used 
by submarines when surfaced at night, and the non-linear coils used 
as pulse generators for magnetrons. There are also details of the 
arrangements for the use of Western Electric Fsistax cameras at 
Bikini with three very clear photographs of the water column and 
smoke cloud produced by the explosion. Peace-time developments 
include a teletypewriter and converter control unit for use with radio 
telephone systems on aeroplanes. There is also a description of an 
experiments! model of a new and very unusual type of valve—” the 
beam travelling-wave tube ” — -used to amplify microwave frequency 
signals and capable of transmitting a broad band of frequencies— 
e.fir. 800 megacycles — ^without diminutimi of the gain factor. The 
weak input signals are fed through a waveguide on to an antenna 
connected to one end of a long wire helix in an evacuated tube and 
are delivered by another antmma at the other end of the hdiix to 
an output wave guide. A stream of electrons, produced by the usual 
form of electron gun, passes through the centre of the heUx with a 
speed a little greater than that of the wave urd the amplifioatien 
is produced by the interacyon of the deotrio field of the hdix wfih 
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these electrons. It is stated that the possibility of this mode of 
amplification was first shown during the war by workers in the 
Clarendon Laboratory, Oxford. 

The Chemical Society is to celebrate from July 14 to July 17 
next the centenary of its foundation. But for the war the cele- 
brations would have taken place in 1941. It was the first society 
formed solely for the study of chemistry ; although there had been 
small private chemical societies before 1841, none lasted for any 
great length of time. At the first general meeting Thomas Graham, 
one of the most distinguished chemists of his time and the pioneer 
of colloid chemistry, was elected the first President. The present 
President is Professor C. N. Hinshelwood, M.A., Sc.D., F.R.S., who 
will deliver the centenary address at the Central Hall, Westminster, 
on Tuesday, July 16. The Faraday Lecture will be given by Sir 
Robert Robinson, M.A., D.Sc., LL.I)., P.R.S., on the following day. 

Dr. J. P. Lawrie, Editor of Chemical Products and the Chemical 
News, has written a booklet entitled Chemicals from Methane 
(Science Services, Ltd., price 3«.). He stresses the amount of waste 
in this country and says that “ the utilization of natural gas con- 
stitutes a challenge to applied science and the economy of the 
nation.” Line diagrams are given of the carbon black plant, the 
conversion process for hydrogen and for acetylene manufacture, 
which incidentally could have been improved by adequate lettering. 
Nevertheless, the booklet is well worth studying in view of the 
paramount necessity for the maximum use of all raw materials 
available in this country. 

After an interval of seven years, brought about by the German 
oomipation of the country, the CoUection of Czechoslovak Chemical 
GomvmnicaUons is again appearing monthly. The subscription is 
400 crowns (or £2). The journal will publish articles on all branches 
of pure chemistry. 
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BXNOCUIiAR COLOUR »«ATCHING : A NEW TECHNIQUE. 

By W. S. D.So., Principal Scientific Officer, The National 

Physical ^laboratory. Being a Review of Researcliefl on Normal 
and Defective Colour Vision. By W. D. Weight, A.R.C.Sc., 
D.Sc., Reader in Colotir Vision, Imperial College of Science and Techno- 
logy, London. [Pp. xvi -f' 383, with 233 figures.] (London : Henry 
Kimpton, 1946. 36«. net.) 

It is thirty-three years since Sir William Abney published his 
Beaearchea on Colour Vision^ and the book before us with a very 
similar title comes frQm another worker at the Imperial College, 
Dr. Wright, like his predecessor, approaches his subject as 
a physicist. He is concerned with determining the light stimuli 
which, when presented to a normal or colour-defective eye under 
carefully controlled conditions, produce identical sensations of 
colour and brightness, or just perceptibly different sensations, or 
sensations of equal brightness but different colour and so on. The 
researches wliich he and his co-workers have earned out over the 
last twenty years, and which form the main content of tliis book, 
have not dealt directly with the histology, biochemistry or electro- 
physiology of the retina, nor with those aspects of visual perception 
in which the activity of the higher nervous centres is clearly mani- 
fest, It may be noted with satisfaction, therefore, that the author 
has shown a proper regard for the results of these other methods of 
attack when discussing his own work. The latter began in 1926 
with a re-determination of the trichromatic coefficients of the spec- 
trum colours, and for this a new colorimeter employing monochro- 
matic matching stimuli was designed. The measured ooeffidbnts 
for ten normal observers were subsequently combined with similar 
results obtained at the National Physical l4aboratory by Mr. Guild 
to provide the quantitative definition of a standard oolorimetrio 
observer which was adopted internationally in 1931 and is now 
fully established in colour technology. The new colorimeter proved 
an adaptable instrument of research and with its aid Dr. Wright 
and other workers at the Imperial Cbllege made extensive deter- 
minations of the colour coefficients and luminosity curves of colour 
defective observers — diohromats and anomalous trichromats--Hind 
of the powers of colour discrimination of both normals and colour- 
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defectives. A new phase began in 1034 with the development of 
binocular colour-matching, in which a test colour viewed by the 
right eye is matched with a mixture of three primary stimuli viewed 
with the left eye. The modifications of the binocular match are 
determined which follow the exposure of the right eye to different 
preliminary adapting lights, white or coloured, the left eye being 
kept in a standard dark-adapted condition. In this way. Dr. 
Wright brought within the scope of measurement a large group of 
phenomena concerned with colour adaptation. More recently, 
attention has been turned to the appreciation of luminosity and 
colour in slightly indirect as compared with direct vision and to the 
loss of colour discrimination in very small matcliing fields. 

Excepting the measurements by binocular colour-matching, 
much of this work is not new in principle. But no comparable 
accumulation of reliable quantitative data on the colour properties 
of normals and defectives has been available hitherto. For this 
reason, if for no other, Dr. Wright’s book will be of great value to 
those concerned with colour technology or with the detection and 
assessment of colour defects. Of particular importance for the 
research worker, on the other hand, is the fairly detailed account 
of the investigations on colour adaptation which include some 
previously unpublished measurements for the case when only the 
pecrafoveal retina is exposed to the adapting stimulus. To illus- 
trate Ijhe kind of result being obtained in this field, we may consider 
very briefly the progress made on one of the key problems of colour 
vision, the determination of the spectral sensitivity curves of the 
trichromatic meclianisms. 

Monocular colour-matching provides an infinity of possible sets 
of three spectral sensitivity curves, but only one of these can repre- 
sent the properties of the actual physiological mechanisms. Dr. 
Wright argued that a test stimulus of such a character that it 
stimulated one mechanism only, would appear of the same colour, 
although not necessarily of the same brightness, whatever the 
previous stimulation of the eye by white or coloured adapting 
fields. No actual test stimuli satisfied this condition completely 
but from the observed colour changes, measured by the binocular 
method, for suitably selected test stimuli and adapting fields, it was 
possible to determine by ccdoulation three hypothetical stimuli 
possessing the desired property. As usual, by “hypothetical 
slamuli ’’ is meant here stimuli whose trichromatic specifications in 
terms of any real primary lights must involve negative coefficients. 
Once these fun^mental stimuli were known the corresponding 
spectral smisitMty curves could be calculated from the data of 
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monoouUur oolour-matohing. The first applioation of this method 
gave curves with maxima located respectively at 440, 640, 680 
(approx.), in general agreement, in this respect, with the curves 
proposed by Konig from a consideration of the properties of oolour- 
blinds. 

The derivation of the fundamental stimuli in this way assumed 
that the additivity laws of colour matching would aJso apply in the 
binocular method. Thus it assumed that if, at a given time after 
extinguishing the adapting field, a stimulus A in the light-adapted 
right eye matched a stimulus a in the dark-adapted left eye, and 
also a stimulus B, right eye, matched a stimxilus b, left eye, then 
the mixed stimulus A B, right eye, would match the mixed 
stimulus a ->rb, left eye. This assumption was found to hold 
approximately for the conditions of the first determination of the 
fundamental stimuli. Further measurements showed, however, 
that it was not true in general. Some deviations might be expected 
if for one or more of the trichromatic mechanisms the relation 
between response and intensity of the stimulus was different in the 
light-adapted right and the dark-adapted left eye. But the observed 
deviations appeared too radical to be explained on these lines. For 
example, in some cases, the response of a particular mechanism to 
test stimulus A was actually reduced by adding the test stimulus B. 

This breakdown of the so-called coefficient law (v. Krios) is one 
of the pieces of evidence — there are several others provided by the 
binocular measurements — which lead to the conclusion that the 
notion of three independent colour mechanisms is inadequate. All 
the anomalies relate to the eye in a state of change after the abrupt 
removal of an adapting stimulus. Could they be attributed to 
after-images of the adapting stimulus ? The answer is no, the 
measurements are inconsistent with this view if by after-image is 
meant a luminosity such as would be produced by a veil of light 
superimposed on the test stimulus, the intensity and colour-quality 
of the veil being 'dependent only on the adapting stimulus. In 
looking for an explanation of these results Dr. Wright introduces 
two ideas ; (o) complex after-images of the adapting stimulus which 
are modified by or even elicited by the test stimulus, (6) interaction 
between tbe three mechanisms during the recovery process, oeuehug 
the respcHctse of one meohanism to the test stimulus to be intensified 
or inhibited by the responses of the others. These ideas are formu- 
lated oitly in very general terms and hardly amount at present to 
a new working hypothesis to replace the simple form of trichromatic 
theory. It is very much to be hoped that work on this pibmiSiiq; 
line v^ be continued both in Dr. Wright’s laboratory and elsewhere. 
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Binocular colour-matching is a new technique not yet fully 
exploited. Measurements of least perceptible colour differences on 
the other hand have been used, since the time of Helmholtz, in 
making deductions about the colour mechanisms. Nevertheless, 
their interpretation is still controversial. The discussion of this 
question is the least satisfactory feature of the present book. 
Dr. Wright is anxious to avoid over-simplified theories, such as the 
assumption that a just perceptible difference of intensity corre- 
sponds at all intensity levels to the same difference of photochemical 
decomposition in the retina. He works instead with a general 
analysis on the following lines. A stimulus depending on a physical 
variable J produces a sensation specified by the quantity Q. The 
observed least perceptible difference AJ is determined by the rate 


of change of sensation with stimulus 


dQ 

dJ 


(the physiological factor). 


and by the smallest difference of sensation dQ appreciable under 
the prevailing conditions of observation (the psychological factor). 


Thus, he puts dJ = dQ 


/© 


The intention behind this splitting- 


tip of the process occurring in discrimination experiments is no 
doubt to emphasise the operation of both peripheral and central 
factors. But it seems a pity that Dr. Wright should choose to 
develop his ideas in terms of the very controversial notion of sensa- 
tion magnitude. He himself observes : 

“ We have no means, other than by the very unreliable method 
of mental introspection, of obtaining quantitative information 
about the magnitude of our sensations and without such data we 
can hardly hope to derive a formal relation between stimulus and 
sensation.” 

Other workers in this field would go further and would regard 
expressions such as * the magnitude of the sensation of hue ’ as 
meaningless. The use of quantitative sensation as though it were 
a well-defined concept leads inevitably to obscurities. Thus on 
p. 191 in discussing hue discrimination it is implied that earlier 
dO ' 

theories determined from the slopes of the spectral sensitivity 

curves of the three receptor processes and went wrong in assuming 
idQ to be constant through the spectrum. But if the author admits 

dQ 

that in these theories ^ was in fact determined, his statement 


dJ 


dQ 


quoted above is contradicted. On the other hand, if ^ was not 
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determined, the orii^cism of these theories can hardly apply in the 
form stated. Again, it is 8U|^ested (p. 194) that uncontrollable 
variations in the magnitude of the sensation from different parts 
of a miiform stimulus field may explain the finite size of the least 
perceptible differences of intensity, wave-length, etc., between two 
such uniform fields seen juxtaposed. This theory rests on a rather 
dubious analogy which certainly seems to depend on the notion of 
sensation. But in the subsequent development “ sensation ” is 
quietly replaced by “ response,” and a final comment suggests 
that the theory shows “ a reasonable explanation of brightness dis- 
crimination data can be given without any reference to sensation 
magnitudes whatsoever.” All this is a very minor criticism of an 
excellent book. Among the things particularly well done may be 
mentioned the clear explanation of the limited inferences which 
can be drawn from the convergence or parallelism in the trichromatic 
chart of the iso-colour zones of dichromats, and the discussion of 
macular pigmentation. With regard to the latter, the author is 
careful to point out that we are not yet in the position to disentangle 
completely the effects of a pigment layer and of variations in the 
relative sensitivities of the underlying trichromatic mechanisms. • 
It can be predicted with confidence that Dr. Wright’s book will 
have an honoured place on the bookshelves of research workers on 
vision for many years to come. 

A NEW ORGANIC CHEMICAL NOTATION. By A. R. Toon, 
MA., D^Sc., r.R.S., Professor of Orgsnio Chenustry in the University 
of Cambridge. Being a Review of A New Notation and Enumeration 
System tor Organic Compounds. By O. Maloous Dysoit, M.A., 
Ph.D., P.R.I.C. [Pp. iv -f 63.] (london. Now York, Toronto : Long- 
mans, Green & Co., 1947. 7*. M. net.) 

Oboakio chemistry, one of the most intricate and highly system- 
atised branches of science, is undoubtedly rendered more efiffioult 
for the student and the professional chemist alike by its deficiencies 
in nomenclature. Moreover, - the enormous expansion of the 
subject which has occurred in the past, twenty years has not only 
revealed the inadequacy of existing systems of nomenclature but 
has led to their piecemeal and random modification to such an 
extent that they have virtually broken down, and in so doing have 
created such chaos in the literature that further progress is hampered 
by the difficulty of systematising, or even reviewing, existing knowr- 
ledge. It is no accident that BeUstein’s famous Hanettmch der 
Organiachen Chemie, the niajor reference work in the subject, covers 
the literature only up to 1080 in its latest sup|dements and that 
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possibility of its being brought up-to-date under the existing system 
appears to be remote. It is to this great problem of systematic 
nomenolaturo and unequivocal notation of organic compounds that 
Dr. D 3 ^on has addressed himself in the monograph under wviow. 

The dehciencies of the systematic organic chemical nomenclature 
proposed by international agreement at Geneva in 1892, and modified 
by the Li^ge report of 1930, are well known. A large number of 
compounds have under this system names so unwieldy and unpro- 
nounceable that they are of little value, while others lie completely 
outside its scope. Efforts to circumvent these difficulties have led 
to the use of trivial names in great variety, and this, coupled with 
differences in enumeration of ring systems in British, American and 
Gontinental chemical journals, has led to a situation in which 
a literature search for information on any individual compound is 
a laborious operation which is not always successful and which is 
a constant source of delay and irritation to all chemists. In the 
early portion of his book, Dr. Dyson discusses these various diffi- 
culties, illustrating them with examples taken from the chemical 
literature, and his case that this situation cannot be remedied by 
anything save a revolutionary change in our system of notation is 
unanswerable ; each attempt in the past to put matters right by 
minor modifications of existing systems has only increased confusion. 

Briefly put. Dr. Dyson proposes a ciphering system so designed 
that it will provide for eadh organic compoxmd a unique expression 
in the form of a linear arrwigement of letters and Arabic numerals 
which win completely define its structure and be capable of trans- 
lation at will into a structural formula. In the writer’s opinion he 
achieves this end by a method which, although highly ingenious, 
is one of remarkable simplicity. Its success depends on the accept- 
ance of certain predetermined rules for the enumeration of all the 
significant atoms in an organic structure. These rules are, how- 
efVOT, simple and logical. For a description the reader is referred 
to the monograph itself, but some idea of them may be gathered 
from the statement that aU fused ring systems (homocyclic and 
heteipoyclio) are enumerated in terms of a few conventional ring 
systems, e.gr. benzene, naphthalene, phenanthrene and anthracene, 
and all analogously constituted compounds are similarly enumer- 
ated; thus, for example, (ffirysene and eyeZopentenophenanthrene 
are both numbered similiurly on the basis of their common phenan- 
threne nucleus, and not, as in current literature, on two entirely 
different and arbitrary systems. Apart from this acceptance of 
a defliflte enumeration system, the cipher does not in any way 
affect existing prinolples of nomenclature. 
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Dr. D 3 r 8 on ’8 monograph gives a concise account of his notation 
system, furnished with a wealth of examples of its application, so 
that it can bo regarded as a complete guide to its use. It is true 
that the average chemist may be somewhat taken aback when, for 
example, he 6rst sees phlorogluoinol ciphered as B.1,3,6Q, but the 
advantages of this mode of expression rapidly become apparent. 
The main principles of the system are easily mastered and it can 
be readily used by any chemist after quite a short study. 

Even on the grounds above indicated, the Dyson System would 
be of great importance and value, but it has other features which 
commend it further. The system of letters and numbers employed 
has been carefully chosen so that it is amenable to mechanical 
sorting and computation. Using the cipher, the structure of 
a compound, together with the key to its literature references, can 
be recorded on a punched card ; automatic machines can manipu- 
late such cards so as to sort them into indexing order, print the 
ciphers and references in list form, or compute and print molecular 
formulae (each symbol in the cipher having a fixed numerical 
equivalent). 

Automatic handling of this nature has many obvious advantages. 
It would enormously simplify literature searching if all compounds 
containing some particular structural feature could be sorted out 
rapidly from a huge stack of cards by an automatic device. More- 
over, the use of such mechanical aids may make it possible to pro- 
duce what must be the dream of all research chemists — a lexicon 
of the Beilstein type presenting the essential facts on all known 
compounds which will be up-to-date rather than, as at present, 
many years behind. 

Here, then, is a book which should be read by all organic chem- 
ists, and one which may become a milestone in the history of the 
science. A unique yet relatively simple expression for each organic 
compound on the basis of a readily memorised system such as is 
offered by Dr. Dyson is something new and vitaUy important. In 
the reviewer’s opinion this system should be studied closely, for if it 
can withstand the oritioism of all chemists—and it has already .been 
exhaustively tesi^ by a number of eminent organic chemists— -it 
ought to be at an early date adopted internationally and used not 
only for indexing purposes but for the compilation of an up-to-date 
reference work of the Beilstein type. 
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British Association for the Advancement of Science : 

1. Mathematical Tables^ Part- Volume A. Legendre Poly- 

nomiads. [Pp. 42.] (Ss, 6d.) 

2. Mathematical Tables, Part-Volume B. The Airy Integral. 

Pixjpared by J. C. P. Millek. [Pp. 56.] (10^., including Auxiliary 

Tablafi I and II.) 

3. Auxiliary Tables, Number 1. Coefficients in the Modified 

Everett Interpolation Formula. (6d. each or per dozen, 

postag^3 extra.) ^ 

4. Auxiliary Tables, Number II. Table for Interpolation with 

Reduced Derivatives. (6d. eacdi or 5«. per dozen, postage extra.) 

(All tables published for the British Association at the University Press, 
Cambridge, 1946.) 

The high standtird of tho Mathematical Tables prepared by the British 
Association Committee is well-known and the principal task falling to the 
reviewer m to describe the contents of these new volumes. Those do, how- 
ever, depart from the usual form in that tho present tables are issued as 
Part- Volumes, in pax)or covers, us they are not thought largo enough to 
wan ant publication as complete volumes. It is intended that such part- 
volumes shall eventually be combined into volumes, adding to the Associa- 
tion's main series of tables, to which they conform in respect of size of page 
and typography. Meanwhile ineonvcnience due to delay in making the tables 
available is avoided. 

Part*Volume A contains tables of tho Legendre Polynomials Pn(ir) for 
the following values of n and x : 

n * 2(1)12, ir 0(0 01)6 and n - 2(1)6, a? 6(01)11. 

The design and compilation of tlie tables, begun in 1032, lias been imder 
the direction of Dr, L. J. Comrie. For a? < 1, the values are given to seven 
decimals. Use has been made of existing tables by the British As-sociation 
(n #*» 6, 6, 7),Tallqvist,andHayashi (n *» 8), though these have boon carefully 
checked by differencing and comparison. Five ori’ors were found in Hayashi’s 
table. For n »» 10, 11, 12.the polynomials have been computed from tho 
definitions by Dr. A, J. Thompson, It may bo noted here that the 6-figure 
tables of Associated Legendre Functions, recently issued by the Now York 
Mathematical Tables Project, also give P,i(oos 0) for n ^ 1(1)10, but with 
different arguments, as 8 0® (1®) 90®. 

It is for oi > 1 that the B.A. volume mainly breaks new ground, and tho 
corresponding entries occupy 81 of the 37 pages of tables. The \^lueB are 
given to 7 (often 8) significant figures, with a few minor exoeptioiis. Inter- 
polation by Everett’s formula is provided for throughout by the printing of 
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second diffe3?ences, modified when neoessaiy to allow for <5* and although 
where <5* exceeds 1000 it is given also. Considering the authorship and care 
in preparation, tlieso tables are certain to be most reliable. 

Part-Volume B is concerned with solutions of the equation y'" xy^ 
important in applications of second-order equations P(®)y which 
p{x) is approximately linear over a limited range. It &st acquired interest 
when the regular solution, in integral form, was needed by Airy for some 
optical calculations in 1838. This work follows closely the development by 
Professor Harold Jeffreys, and uses the notation : 



cos (It^ + xt) dt 


{oxp.(— -f xt) -f sin f xt))dt 


Following an historical introduction, there is a comprehensive description of 
the functions involved and of the preparation of the tables, by Dr. J. C. P. 
Miller. This repays careful reading. A graph and two pages of formulas 
(including the relations between Ai(a;), Bi{x) and the Bessel functions of 
order J) form a valuable summary. 

The tables which follow contain 


Ai{x) and Ai'{x) 
logioA?!'(a7) and Ai'{x)/Ai(x) 
Bi(a;) and reduced derivatives 
logioBt(a;) and Bi'(a;)/Bt(ic) 


a; - - 2()(0‘01) -f 2 
a; =- 0(0* 1)25(1) 75 
X ^ ^ lO(Od) -f 2-6 

X - 0 ( 01)10 


The first 50 zeros and turning values of At( 2 p), and the first 20 of Bi(»), are 
also given. Finally amplitude and phase functions F{aj), x(®)» Cf(aj), yf(x)» 
defined by the relations 


Ai{x) = F(a;) sin x(^) Bi{m) — F{x) cos x(«) 

Ai'{x) ^ G{x) sin yf{x) Bi'(a;) « G{«) cos y(»)> 

are tabulated for a? — 80(1) — 30(0*1) -f 2-6. The aim throughout has 

been to provide an 8-figure standard of accuracy for At(aj), Bt(aj) and their 
derivatives, tins in turn requiring 6 decimals in the phases x(^)* 

Throughout most of the tables, interpolation is i^equatoly catered for 
by the second differences provided. In certain parts, however, fourth and 
higher differences are so large that resort to an extended Everett formtda 
is necessary ; moreover, a special method of interpolation for Bi{») and 
Bi'(x) is adopted. It is to facilitate these interpolations that the auxilioiry 
tables described below have been provided with Part*Volume B. 

The computations have proceeded under the direction of Dr. Miller, who 
must be congratulated on bringing this formidable ta^ to completion. 

The AuoDiLiary Tables are interpolation aids ibr use with any fianotiona 
suitably tabulated, and are therefore printed separately on cards. Computers 
are sure to find tliem useful. 

Number I contains coefficients for a modified Everett formula, in winch 
both second and fourth differences Imve been simultaneously modified to 
take account of higher order differences. Thus, wiih co-operation &om the 
tabk-maker, the user is assured of very accurate interpolation witimut more 
than the inclusion of f^^ differences usuiJly 
coefficients are given to 1 decimals at aub*iiitervels ^ 0^^ 
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Number 11 enables interpolatioa in a funot^ion J{x) and ita derivative to 
be made by the Taylor expanaiona 

f{x -f &h) «= /(a?) + dr -f + .... 4- + . . . 

and hf\x -i^eh) + 20r» -f 80*t» -f . . . + 4* . . . 

/^« 

when the reduced derivatives r, t*, . . . , defined by t** « — 

vided (e.fir. Table IV, Bi(a;) in Part-Volume B). 

The tables on the card provide coefficients at intervals of 0 01 in 0 as 
follows : 

; n » 2, 3, 4 (ex6M:t) ; n =« 6, 6, 7 (curtailed) 

; n « 2, 3 (exact) ; n »= 4, 5, 6, 7, 8 (curtailed). 

R. A. B. 

The Advanced Theory of Statiatice. Vol. II. By Matjbiob G. 
KsNDAiiL, M.Al [Pp. viii *f 521, with 30 figures and 62 tables.] 
(London : Charles Griffin & Co., Ltd. 60s. net.) 

This volume completes a work which will, perhaps, be in use as a standard 
text for many years to come. There is no doubt of the value of the two books 
as a consolidated statement of the concepts and techniques employed by 
statisticians in recent years. There is, indeed, at present no other work of 
so comprehensive a nature in existence. 

The volume now published applies the fundamental results developed in 
the first volume to various fields of study. There are four chapters on theories 
of estimation ; two each on analysis of variance, time-series, and the general 
theory of significance tests ; and single chapters on common tests of signific- 
ance, the design of statistical inquiries, regression, and multivariate analysis. 

Estimation is treated with considerable thoroughness. The similarities 
and differences between rived theories are squarely and clearly 'stated. The 
author adopts a neutral attitude, and expresses the opinion that effective 
reconciliation of the different systems may be practicable. 

The chapters on time -series provide a valuable siunmary of methods 
available in tliis difficult subject. Idany recent developments in this field 
liave been originated by Mr. Kendall. These now appear for the first time 
oolleoted together, forming part of a useful outline of the present position of 
the subject. 

The presentation of the procedures of the analysis of variance (and 
covariance) is carried out competently and with due regard for practical 
considerations. Even though a part of the chapter on the design df statistical 
inquiries is also conoemed with the same Bubjoot> the impression remains 
that a fuller treatment might be desirable. This in no way detracts froffi the 
value of what has in fact been written ; and oonsifierationa of space were 
probably of importance in limiting the scope of these oliapters. A more 
thoroui^ discussion of the construction of the fundamental set-up,’* and 
of i^e position of analysis of variance tests in the general theory would» 
howev^^ be of value. It may be remarked^ also, that the allocation of 
Bandom^^ Blocks to one of the chapters on analysis of variance, and Latin 
Squares to the chapter on design of statistioal inquiries, seems somewhat 
arbitrary. 

^ general theory of significance tests oomprise a systematio 

of the Ne 3 mian«Bearson theory, together with a section 
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on the methods of E. O. Pitman. These ohaptem form a useful summary 
and explanation of the theories with which they are conoemed. 

The chapters on common tests of significance and on regression provide 
between them a nearly complete range of current statistical procedures, and 
should be particularly valuable for purposes of reference. Multivariate 
analysis is treated in a somewhat compressed manner, and the mathematical 
complexities tend to obscure the practical meaning of the results. The 
chapter on design of statistical inquiries has already been referred to. It 
provides a pleasing contrast to the highly mathematical atmosphere of the 
rest of the book. A longer cliaptor of this typo, dealing in greater detail 
with methods of sampling in survey work, etc., would considerably increase 
the value of the book. It may be that the author considers that such details 
should be left to specialist reading. Mr. Kendall gives copious reforoncos 
for such reading at the end of each chapter of his book. 

The fact that such further reading should bo required indicates that a 
more accurate title for the book would be ** An Introduction to Advanced 
Statistics.” In fact, any one of the subjects dealt with in the present volume 
could well be the title of a full-sized book. The very comprehensiveness 
attempt/od by the author must therefore lead to an incomplete, thoxigh most 
able, account of each separate branch. This is, of course, no criticism of the 
author’s work. It is merely a consequence of the fact that the entirety of 
the advanced theory of statistics is too wide-ranging to be within the scope 
of a two -volume treatise. Imagine attempting to write a book of the same 
size on “ Tlxe Advanced Theory of Mathematics.” K the reader is of the 
opinion that statistics is only a branch of mathematics the analogy may not 
be admitted, but here reader and reviewer would be in disagreement. 

The present rapid growth of statistical theory is another reason for the 
necessary incompleteness of any book on advanced theory. Evidence of this 
is provided in the Addenda dealing with recent developments in the theory 
presented in Volume I. In view of this factor and the value of the present 
work it is to be hoped that new editions will be produced with reasonable 
frequency. 

There are two small errors which the reviewer would like to see cor- 
rected in such further editions. Firstly the statement on page 6 that 
l£(x — ^)*/(ri — 1)]* is an tmbiased estimate of the standard deviation 
of a Kormal population (it is its square, of course, which is on unbiased 
estimate of the population variaixce) ; secondly, the statement oh page 808 
that it is undesirable to have a greater chance of accepting the hypothesis 
when it is false than of rejecting it when it is true (the context shows that 
the word “rejecting” shotild bo “accepting”). There are also a few 
print^’s errors, but these ore much scarcer than they were in Volume I. 

One final grumble. There is an extremely usefal Bibliography of 02 pages, 
but Gauss is not among the authors listed therein. 

N. L. J. 

A Manual of Oparation lor tJia Automatic Sequence Controlled 
Cidoulator, By the Staff of the Computation Laboratory. Annakof 
the Computation Laboratory of Harvard University, Vol. 1. {Pp. xiii 
661, with 17 plates and M figures.] (Cambridgef U*S«A. : Harvard 
University Press ; London : Oxford University Press, 1846. 66«. net») 

Tma Montial constitutes a complete description and book of open^ing 
instructions for the above machine, whioh is one of the latest daneSioin 



REVIEWS 


363 

calculating monsters/* Its construction was inspired by Professor H. H. 
Aiken (Harvard) and executed by the foremost engineers of the International 
Business Machines Corporation. Thomas J. Watson, on behalf of the latter 
corporation, presented the machine to Harvard University, whore, since 
May 1944, it has boon in use on scientific work for the U.S. Navy imder 
Professor Aiken (also Commander U.S.N.R*). 

The essential component of the calculator is not the electronic valve (as 
with the “ Eniac ’*) but the relay circuit ; in fact the machine is largely an 
assembly of standard Hollerith parts. The speeds with which the funda- 
mental algebraic operations are performed are, therefore, of the order of 
seconds or tenths of seconds, i,e» about 100 to 1000 times slower tlian with 
the Eniac. On the other liand a (s|)ecially constructed) tape sequence control 
automatically sets the machine up, directs and controls the operation, with 
a considerable gain in convenience. Indeed, for the fre(iuent mathematical 
operations, such as the solution of simultaneous equations, numerical 
quadra tviro, sub tabulation, etc., a library of control tapes is being com- 
piled ; such calculations can, therefore, be repeated instantly with fresh 
data. 

The units of the machine comprise : 72 storage counters (which can be 
split and linked) each capable of holding 23 digits, 60 switch-set registers 
for holding* constants, 2 units performing up to 23-figure multiplication or 
division, and 3 special units forming log (1 + x), 10* (or c*) and sines (or 
cosines) respectively. The method of calculating log (1 f x) is to factorise 
(1 -f a;) into 5 factors, 4 of which are selected automatically from a set of 
35 standards whose logarithms are permanently stored in the machine, and 
a fifth for which x is smaller tlian lO""® so that log (1 -fa;) can bo calculated 
from at most 6 terms of tho log-series. Similar operations are performed 
by the ** 10* ” — ^and the “ sine — unit. Other series can l)o formed at will 
in units called interpolators, but these must receive tlieir instructions 
(including the expansion coefficients) from prepunched operating tapes. 

Answers calculated by the machine can bo automatically tabulated 
by an eleotromatio typewriter in type amenable te photo-lithographic 
reproduction. 

To the many interested in tho art of computing who have not access to 
"the xuaohine the chief value of this manual lies in its detailed account of the 
possibilities of the relay circuit as a computing unit. A close study of the 
manual is highly recommended and will probably save a great deal of un- 
necessary thought, time and cost. 

H. 0. Habixey. 


PHYSICS 

Wliy Smash Atoms? By Abthxtb K. Solomon. Revised edition, 
ppp.^xii -f 204, with 132 figures and plates.) (Cambridge, U,S.A. i 
H^ard University Press ; London: Oxford University Press, 1946, 
16a. net.) 

MAinr will have read with pleasure and profit the first English edition of 
#)is book, published as a Pelican in 1945 and based on the 1940 American 
edition. The new edition contains the best features of the old, a very clear 
and readable account of the progress of atomic physios, with the addition 
of three chapters on atomic power and tl^ atomic bomb. There are a number 
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of dolightiul new phoi^aphs. The last chapter of the FeUeao edition 
(Physios—^fber the War) has been omitted in this. 

Some of Dr. Solomon's enthusiasm for Ixis subject and the thrill of carry* 
ing out research is reflected in the writing. The book can be recommended 
without reserve to all, from schoolboys to professors, including those who 
believe they have no interest in the subject. Atomic physios is expanding 
at a rate comparable with the energy available from nuclear flssion, and 
we look forward to a long senes of new editions of this book. 

F. A. V. 


An Introduction to Heat Engines. By E. A. Aixout. Second 
edition. [Pp. x 4- 288, with 170 figures.] (Toronto : The University 
of Toronto Press ; London: Oxford University Press, 1946. 15«. net.) 

Ajtbr many years of war-time economy standards in the production of 
British and American text-books, one may i>orhap8 be forgiven for recording 
a feeling of aesthetic pleasure as one's first impression of Prof. Allout’s second 
edition of this book. This fooling is induced by the quality of paper, the 
many well-drawn diagrams, and the size of typo which is readily legible. 

The author sets out to survey the fundamental principles, both thermo- 
dynamical and mechanical, which underlie the design, performance and 
construction of Heat Engines of all sorts, but, in view of the prevalent trend 
in Canadian Industry, the emphasis is laid on Internal Combustion as opposed 
to Bteam Plant, though the latter is by no means omitted. There can be 
little doubt tliat tins overall object has been achieved, with the aid of a very 
large number of diagrams, photographs, and a lucid exposition of the text. 
An interesting chapter on the history of the Heat Engine lielps to impress 
on the reader how small have been the changes in the underlying principles 
of our Prime Movers from the days of Heron’s Aelopile, the first attempt 
at a reaction turbine, and yet how great have been the mechanical improve- 
ments of construction. Many of the pirobloms of the designer of to-day can 
be traced back to the engines of Newcomen and Watt, and it may perhaps 
be regretted from a British point of view that more emphasis is not l|i^ 
on the development of such current problems as condenser de-aeration and 
boiler circulation which have survived from those early days. On the other* 
hand, the inclusion of economical data and graphs serves as a useful guide 
to the practical limits of theoretical design. 

In any book of this nature the author is faced with the problem of how 
much mathematical theory to include, so as to enable a beginner to carry 
out a certain amotmt of numerical work. Prof. Allcut has decided, no doubt 
wisely, that any standard work on Engineering Thermodynamics will supple- 
ment his own brief references in this resp^t. But one might venture to 
suggest that it would be within the scope and object of such a book to 
include the conception of entropy as one of the basic ideas in Thermodynamics, 
especially as use is made of the terms adiabatic and polytropic, «Whiki this 
is, of course, included in standard works to which the author refers, it would 
have bedn useful to give the beginner an ** Introduction ” to this alb 
important function of the working fluid. The dMoulties of a non-mathe- 
matkal approach are not underrated, but such a presentation would surely 
contribute gmatly to a gsneriil affiliation of modern devriopments* 

Altogether, th^ is a pleasant Itook to read with a great deed of 
pswmnted infonnation. The mtoy r efe r anosa in the text wiH he 
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' vihluo by the more ambitioue reader, and many a student endeavouring to 
become acquainted with the Theory of Heat Engines would do well to devote 
some serious study to the development and practice of the subject as 
described by the author. 

K. Rbiohmann. 

Electric Discharge Lamps. By H. Cotton, D.Se., M.I.E.E. 

Vol. Xn of a Series of Monographs on Electrical Engineering under 
the Editorship of H. P. Young. [Pp. xvi 4- 435, with 216 figures, 
including 12 plates.] (London: Chapman & Hall, Ltd., 1946. 
36s. net.) • 

As far as the reviewer is aware, this is the first comprehensive book on the 
subject to be published in the English language. It is one of a serioa intended 
for eleotricsl engineers, but the subject demands for real understanding a 
knowledge of various branches of physics not normally included (so far) in 
the courses for Higher National Certificate or degrees in Engineering. How, 
then, is the author to treat his subject t He could, perhaps, advise his- 
reader to read first appropriate text-books and monographs on physics, euid 
assume knowledge of fundamentals in discussing the beliaviour and properties 
of electric discharge lamps. He might compromise by summarising the 
fundamental laws of physics later to be applied, giving references to proofs 
and background information. Professor Cotton, who is Head of the Depart- 
ment of Electrical Engineering at University College, Nottingham, has not 
used either of these mctliods, but has attempted, with great courage and 
energy, the difficult task of providing in one volume all the necessary funda- 
mental physios to enable an electrical engineer trained in the traditional 
way to mderstand the chapters on the discharge lamp itself. The attempt 
is a valiant one, but, unfortunately, is not completely successful. 

After a preface mainly on the history of lamp development, there ore 
two chapters on the physios of radiation which could with advantage be 
condensed and re-written to eliminate some obscurities and a few errors. 
For example, emissive power is wrongly defined ; Boltzmann's constant h is 
used for Stefan’s constant and given two quite different values ; the term 
** brightness ” is not confined to visible radiation ; and in some cases the 
text does not correspond with the diagrams, A short chapter on the structure 
of the atom and valency follows. Here the statement that atomic nuclei 
are made up of protons and electrons should be replaced by a note on the 
structure which has bean accepted for a number of years. 

Chapter IV is on thermionic omission, only four pages long but containing 
a number of mistakes. The data on work fimotions are in some cases fifteen 
years out of date, and do not correspond with the values given later in the 
book (p. 154). There is no mention of space charge. Chapter V is a straight- 
forwa^ one on motions of electrons and gas molecules, includmg the Maxwell- 
Boliamsxm distribution 

Chapters VI and VIII give a detailed account of the origin and structure 
of spectra. Those chapters would make difficult reading for tliose who liave 
Httle or no previous knowledge of the subject, and a more oemoiso treatment 
with greater emphasis on physical principies would probably lead to greater 
olarity and better understanding. There are some repetitions and obscurities 
and a few Chapter vn is on discharge pheno- 

npion (29^ p Chapter ZX (28 pages) is oaUed ^VFIuoresoenoe/' 

th^ would be ‘VLuminescenoe.” 
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Chapters X and XI (166 pages) give an excellent account of practicar 
discharge lamps and the control gear used with them. These chapters will 
be welcomed by all interested in the newer forma of lighting. The l€»t 
chapter is effectively an appendix on colour, ending with a few wise remarks 
on the choice of lamps for various tasks. 

The book is very well illustrated by diagrams and photograplia, and 
useful references are given for further reading. Tlie best features of the 
book are so good that we hope the author will be encouraged to recast some 
of the earlier chapters and also to remove a rather large number of slips and 
misprints for a second editipn. 

F. A. V. 


CHEMISTRY 

Le ProbI6me de la R6activit^ dea Combustibles soUdes. By Henbi 
Gutom. [Pp. viii -f- 222, with 86 figures.] (Paiis : Dunod, 1946.) 

FtrnraBB advances in the effioionoy of the preparation and utilisation of solid 
fuels would bo greatly assisted by a knowledge of the chemical kinetics of 
combustion reactions less obscure than that at present available. In spite 
of the millions of tons of cokes, charcoals and similar fuels consumed aimually 
in a diversity of industries, agreement as to the best fuel to use for a particular 
process is seldom forthcoming, e,g, it is generally agreed that coke for blast 
fornaoes must be of a minimum strength and of not too wide a size grading : 
there are, however, greatly different opinions as to whether or not the ooko 
should react readily with oxygen. In view of the present stringency in the 
supplies of solid fuels and the consequent need for the liighest efficiency in^ 
their utilisation, the publication of M. Guerin’s book is mportune : he was 
commissioned to write it by a committee of the Centre d'Etudes Thermiques 
and has carried out the work in an eminently capable and scholarly manner. 
In the first three chapters the author differentiates and critioally discusses 
in considerable detail the work already publishfxl on the reactivity of carbon 
with carbon dioxide (oarboxy-reactivity), with oxygen (oxy-reaotivity) and 
with water vapoui* (hydro-reactivity) ; Chapter 4 deals with attoftipts to 
assess the reactivity of coke indirectly. In Chapter 6 he endeavours to 
answer the question as to what extent variations in corboxy-, oxy-, and 
hydro-reactivity nm parallel to each other ; in spite of the extensive work 
in this field, there are not sufficient data to give an tinqualified answer. The 
last chapters of the book conoerned with the various physioal and ohemioal 
factors which determine the oarboxy-reactivity of a coke. Altogether some 
661 referenoes are cited ; the text is illustrate by numerous small but oieariy 
drawn diagrams ; the printing is good, but the paper is of poor quality. 
M. CKwSrin’s book is unreservedly reoommended to all conoerned with the 
production and utilisation of solid fuel. 

H. L. RnjjYi 


OxidlaUoca. A Gaadral X>i«ouMio& bald by; tba Faraday Bociaty , 
i945« [Pp, 800 ,] (London and Edinburg : Gurney A Jackson, 
1046. 20a. net.) 

Thx crowded sessions of the Faraday Society Biaoussion on Oxidation held 
in September 1^46 showed the high place this subject occupies in present-day 
ohen^try and the reputation of the distnission meetings of the Society* 
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Rasearoh on oxidation has been greatly stimulated by new industrial prooesses, 
particularly the production of polymerised substanoeB for plastics, by 
investigations on oxidation of rubber and unsaturated oils, and by work 
on the reactions in the internal combustion engine. The description of new 
experiments and theories and the out-and-thrust of debate contained in this 
volume make it of value to the student who wishes to understand scientific 
method as well as to the specialist in the topic itself. 

Most of the papers here published are devoted to the chase of the elusive 
“ transient molecular species which intervene between reactants and 
resultants in oxidations. Such intermediates nxay be monovalent radical 
ions, neutral radicals, or peroxides of various types. The simplest type of 
oxidation-reduction mechanism is the “ electron-transfer reaction as in 
the cliange : Fe‘*‘ + '^ 4* I*" — ► -f I. Evidence that many orgaunic oxida- 

tions are of this type is foimd in the transient deep colours sometimes 
observed benzidine blue and in relations between electrode 

potentials, activation energies and rates of reaction, and wave-mechanical 
“ degrees of fixation of double bonds of oxidations of hydroquinonos, etc. 
In other oxidations the dehydrogenation theory may be preferred, i.e. 
that the first step is the removal of a neutral atom of hydrogen. How far 
such a mechanism may fruitfully bg regarded as a combination of electron -f 
proton transfer is still a matter for debate. 

Many oxidation reactions liave long chain processes initiated by free 
radicals. Over twenty years ago Backstrom pointed out that polymerisation 
by a radical mechanism was often coupled to oxidation processes. A new 
development, based on the simultaneous presence of oxidising and reducing 
agents added to the system, appears of great promise for initiating industrial 
pol^mierisation reactions. 

Other topics discussed are the nature of the peroxides formed in olefine 
oxidation, recent work showing that the O, does not link across the double 
bond but adds to an adjacent CH group, and low and high temperature 
oxidations of hydrocarbons in general. It is now known that, in the direct 
attack of O* on saturated hydrocarbons, tertiary carbon atoms are the first 
point of attack. Many of the broad lines of the subject are now reasonably 
clear ; so much however remains to be done by future workers that we can 
expect an equally stimulating volume from the Faraday Society at some 
later date. 

E. J. B. 

CRamioal Thermodynamics. By J. A. V. Butlsuei, USo, Fourth 
edition. [Pp. xvi -f 669, with 109 figures.] (London : Macmillan & 
Co., Ltd., 1946. 12s. 6d.) 

Tax fourth edition of this work is bound in one volume instead of two and 
has been oonaidarably revised and extended. An informative appendix on 
statsstioal mechanics (written by the late Dr. J. W. 0. Orr) has been added 
and of other new matter one may mention particularly Chapter XVI on 
solubility and molecular interactions in solution. This contains, inter olio, 
a discussion of some of the properties of rubber solutions. The treatment 
is ill general clear and easily understood and the development of each topic 
is illustrated by a large number of w^-bhosen experimental data. This is 
piuticulafiy noticeable in the sections on electrode processes and on surface 
Ites* A number of useM numerical examples is attached to each chapter. 
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The book, m a whole, damonetmteB the range and variety of chemical topics 
in which thermodyriamical methods have boon applied witli valuable results. 

The treatment of temperature calls for some comment. It is stated on 
p. 246 that the thermodynamic scale of temx>eratiiro agrees with the perfect 
gas scale. The latter is not defined and no further discussion is given of this 
fundamental conception. The discussion of partial qxiantities on pp. 300-14 
is lucid and helpful but the term “ chemical potential ** is not used at all. 
In the reviewer’s opinion it is also unfortunate that the symbol F has been 
chosen to represent Gibbs’s Free Energy, as this is likely to lead to confusion 
and difficulty in the reading of many modem papers. The author is, of 
oour8f3, at liberty to use any symbolism and nomenchituro that ho wishes, 
but the value of his work to the reader is enhanced if he employs a nomen* 
olature which is immediately imderstandablo when it is encountered in the 
work of other writers. 

Oarefol proof reading appears to liave eliminated most misprints ; one 
which appears to have oscap^ detection is the misspelling of “ London ” as 
“ Loudon ” on pp. 354 and 866. 

S. SuonBN. 


The Chemistry of Heterocyclic Compounds. By Avkbv A. Mon- 

ToiT. [Pp. viii + 649, with 73 figures.] (New York and London : 

McGraw-Hill Book Company, Inc., 1946. 30^. net.) 

In view of the great and rapidly increasing importance of heterociyclio com* 
pounds, the attention devoted to the study of the chemistry of these sub- 
stances is frequently inadequate. Tliere is a tendency to regard the hetero- 
oyolio branch of organic ohenfistry as very advanced and suitable only for 
study by a few specialists. Pyrrole, tlilophon, furan, indole and quinolme 
compounds are probably included in the currictilum, but other heterocyclic 
oompoimds are usually encountered as individuals during special lectures on 
drugs, dyes, vitamins, alkaloids, etc., and the ring systems, as such, receive 
little, if any, adequate treatment. The vigorous growth occurring in hetero- 
cyclic chemistry renders such instruction out of date, and the properties of 
the various ring systems should now receive as much attention as the 
carbocydic systems. 

The appearance of Professor Avery A. Morton’s text-book on The Uhemis^ 
of He^rocycHc Compounds is therefore most opportune in providing a modem 
and systematic account of the chemistry of these substances. The treatment 
is interesting and stimulating and a large amount of material has been Hdlfully 
condensed into the 660 pages. Numerous references to original woA are 
provided and the problems included at the end of the chapters, whilst unusual 
in British works, encourage the reader to give further consideration to a 
number of instructive and related problems. On the whole the selection of 
material is excellent but Beddeliesi’s explanation of Fischer’s indole ^i^besis 
(p. I(>2) and Ihe apomorphi&e synthesis <p. 317) are unworthy of inclusion 
in view of the severe esdtioisms to which they have been subjected. 

The presentation of structural formul® is, however, very disappointing; 
Penta- and Irivalent eai^ not infrequent in the work, 

bonds are often omitted, the ui^ the syz^ B, for the beimen# nt^^ 
is of doubtfiil value, and many femul®, atropine (p. 247)^ e^^ 
cocaine (p. mA tetramitm (p. 616)^ 
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imoonventional and erroneous. Contrary to the statement on p. 343^» the 
3 : 4-benzphenanthridine S 3 mthesis outlined is quite unrelated to Pschorr’s 
phenantiirene synthesis and the use of sodium pentoxide for NaOC^Hn 
(p. 109) is an unfortunate abbreviation. 

The book can be recommended for undergraduates and research studmts, 
especially if it is realised at the outset that the work must be studied care« 
fully, intelligently and critically. In spite of the defects, which it is hoped 
will bo corrected in later editions, the book will fill a gap on the library 
shelves, where a volume on heterocyclic compounds has been urgently 
required. 

R. D. n. 


Vat Dyestuffs and Vat Dyeing. By M. R. Fox. [Pp. xii -f 323, 
with 29 figures.] (London : Chapinan & Hall, Ltd., 1946. 24^. net.) 

New text-books on dyestuffs and the art of dyeing, particularly in English, 
have been conspicuously absent from publishers* lists for very many years 
in spite of the truly amazing technical advances which have been , mode in 
the last few decades. The appearance of this book, therefore, dealing with 
vat dyes, the aristocrats of the dyestuffs industry, is to be welcomed. On# 
must also admire the courage of the author in attempting to deal adequately 
with both vat dyestuffs and vat dyeing in the limited space of 260 well- 
printed pages, but it must be admitted that in this ho has attempted the 
impossible and the title is misleading. The book, which should have been 
entitled ** The application of vat dyes,** is written primarily for the practical 
dyer, on the assumption tliat the reader is devoid of any chemical knowledge 
oven of the simple acids and bases, oxidising and reducing agents used in 
normal dyohouse practice, yet is perfectly familiar with the technical terms 
used in describing dyeing arid finishing processes. By far the greater part 
of the book* approximately 170 pages. Chapters III-IX, describes the pro- 
perties and the application of the various types of vat dyes, including the 
IndigOBOl or Solodon d3res and sulphurised dyestuffs of the Hydron Blue type, 
to animal, oellulosio and synthetic textile materials, by dyeing, padding and 
printing processes, and the various types of the num^ous chemical assistants 
used in these processes are also described. Useful cliapters on dyeing and 
printing machinery (adequately illustrated) and a short chapter on non-textile 
uses of vat dyes follow. The first two chapters dealing with vat dyes from 
an historical and ohemioal standpoint, however, are a great disappointment. 
They are completely inadequate and serve no useful purpose. T^iey are, of 
course* meant to serve as an introduction to the subsequent chapters but 
they ittpe soai^ely refenjed to^m the sequel ; they would be definitely misleading 
to the student with the necessary ohemioal knowledge to appreciate them, 
aM they will be practically meaningless to the person with no chemical 
Special mention should be made of Chapters XXI and XIII. 
dealing with the identifioation of vat dyes, describes the author’s 
own work and will be of interost to both chemists and oolourists. It is m 
fOtoeUent summary of present knowledge and contains much that is new. 

in the book is a very comprehensive list of oommeroial vat 
dy^, equividwitB^ a^^ dyes with similar properties being grouped together* 
Mid 11 ^^ oertainly be of use to the practical dyer* 

■ B. 0. 
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Principles of Fruit Preservation. By T. N. Mobbx 8» M.A. Second 
edition. [Fp. xiii 4* 1^8, with 86 figures.] (London : Ohepman & 
Hall, Ltd.. 1948. IS^nSet.)' 

The author of a treatise on sciontifio principles as related to indiistrial pro- 
cesses must necessarily experience difficulty in determining just how far it 
is possible to go with a description of the commercial processes themselves 
without diverging too widely from a strict adherence to his title. Dr. Morris 
in his book has kept a fair balance in most of his chapters, but one wishes 
that in dealing with certain aspects of fruit preservation ho had gone into 
much fuller detail on the underlying principles and their scientific bases, 
even at the expense of the equivalent number of words given in the new 
edition to factory operations. 

Although the author has brought the jjectin story very much more up-to- 
date than was possible in his previous edition, there are numbers of points 
on wliich ho is either too brief or completely silent. The calcium poctate 
method of analysis 4 b described as being “ used extensively in the past for 
accurate determinations of pectin without drawing attention to the more 
recent work of Schneider & Book, which presents this analysis in an entirely 
different light. The chapter on the composition of fruits is most disappoint- 
ing. Fruits are extraordinarily variable in chemical composition, and the 
problems of processing are very closely bound up with the proportion of 
the various chemical compoimds contained in the fruit, and yet one finds 
that the only table cited appeared in print in 1931, and merely gives highest 
and lowest figures without any reference to varieties or variations due to 
cultural or climatic conditions. The book does not pretend to refer entirely 
to English fruits, and in view of the enormous importance of citrus juices 
it would have been well if analyses of oranges and lemons, etc., had been 
included. 

Dr. Morris has recognised the increasing importance of fruit juices as 
a new method of preserving fruit, but the chapter concerned deals almost 
entirely with practical methods, and one looks in vain for an examination 
of the principles which govern enssyme action, the suppression of yeast 
development, and other points which are fundamental to commercial pro- 
duotion. The Boehi method of storage of juice is referred to, but the classical 
work of Jenny which provides the scientific basis for the process is not 
mentioned, concentration of fruit juices is almost entirely given up 
to the freezing method which, whilst it undoubtedly provides the b^ product, 
is not in widespread use anywhere in the world, whereas the vacuum evapor- 
ator is treated with scant courtesy, although these plants exist throughout 
the world and have been responsible for the provision of practically the 
whole of the citrus juices sent to this country throughout the war, and ako 
for enormous quantities of materials with natural vitan:^-C contents 
wlfich have protected ohilcfren in the British Isles from deficiencies in their 
diet. The vitamin chapter is too slight to present the full story in detail. 
Fruits are recognised m most important sources of vitamin^C, and this 
chapter could with advantage have been much longer md given moare 
references than is the case. 

It is perhaps bad reviewing to pick out the points on which criticism is 
felt necessary and give them undue prominence at the coxxnnencement^^o 
Gie review. It has been dona in this cose only because the points mentiohed 
are those which one would naturally expect to find in a book oHhis description. 
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The re8t of the book is written in a clear and lucid style, and the scientific 
presentation of the various principles involved are oleewly enunoiated. 
No one wishing to undertake the processing of fruit could afford to bo without 
this book, but its value would be greatly enlmnced if it could bo extended 
in certain directions to make it more comprehensive. 

V. L. S. 0. 

Forensic 'Chemistry. By Hkniiy T. F. Rhodes. Second edition. 

[Pp. viii f 164.) (London : Cliapman & Hall, Ltd., 1946. 16s. not.) 

The second edition of tho book adheres to the original divinion of the text 
which is divided into two principal parts, namely : — 

(1) The Application of Chemical Methods to tho Identification of the 

Person, and 

(2) The Application of Chemical Methods to the Proof of Corpus Delicti. 

The first part treats such subjects as the development of latent 

skin impressions, together with the classification, collection and chemical 
examination of occupational and other dusts. 

Part 2 includes the examination of stains, firearms and explosives, 
questioned documents, counterfeit money, and toxic agents. 

The subjects are dealt with in considerable detail, with some exceptions, 
notably the examination of toxic agents, to which subject only 22 pages 
have been allocated, with tho result that the chapter in question is both 
fragmentary and imconvincing. 

In tho realm of Forensic Chemistry, the book covers a wide and ambitious 
field informatively. It also contaiiis a broad review of relevant literature, 
largely French and Gorman. Tho bibliograpliical roforoncos listed on 
pp. 167-160 number about 150. 

Describing the examination of dust, tho author devotes some two pages 
to the subject of cliomical microscopy based on tho principle of crystalline 
formation, but concludes with tho statement that the method is not specific 
and has little more tlian a historical significance. He also describes Spot 
Beactions, but wisely considers that those are subject to many limitations. 
No allusion is mode to spectrographio analysis, and in connection with dust 
collection there is no mention of Owen’s Dust Counter. 

The description of the examination of stains is open to criticism. On 
p. 61, the follotnng statements are made in connection with the importance 
of confirmatory tests to establish the presence of blood i In regard to 
confirmation, if the benstidene and leuoomtdaohite reactions are positive, one 
of the micro-chemical tests, Strzyxowski’s reaction as modified by Locard, 
should be applied. If this is also positive, it may be safely assumed that 
the stidn is one of, or actually contains, blood.*’ On p. 63, the author adds : 

Iron and cftlcium salts interfere with Starzysowski’s reaction.” Reference 
to spectroscopic examination is not made. It is highly doubtful if such 
findings would be viewed with acceptance in the British courts. On p. 63, 
touching upon the examination of seminikl stains, it is stated that ” a portion 
of the stain is soalKed in 3% solution of silver nitrate for six hours. The 
stidn is then washed thoroughly in one of the following solutions : ... 
The stain is then again washed for half an hour in water. A portion of the 
stedn is ihm careftiUy transferred to a zsdcroscope slide and mounted in the 
usual way. Spemiatoaoa are much more readily identified when stained in 

BB 
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this way than wlien they are unstainod.” What is meant by “ a portion 
of the stain ** ? Does it mean a portion of iho stained inaterial, or an extract 
obtained from the stained material ? K the former, how is microscopic 
examination to be made ? If the latter, how is the extract to be dealt with 
during the process of staining ? The description is anything but lucid in 
such respects. 

The author has collected a considerable amount of information, much 
of which is not readily accessible, and this small volume should prove of 
use as a work of reference to research and other workers, 

J. Glaister. 

/ 

British Chemicals and their Manufacturers. [Pp. 121.] (London: 
Association of British Chemical Manufacturers, 1946. Gratis to 
piurchasers of chemicals.) 

This is a most useful book, incori,>orating the subject matter of the Associa- 
tion's two pre-war directories British Chemical and their Manufacturers and 
Directory of British Fine Chemicals » It not only lists substances manufactured 
in this country, but also by means of a folder at the end of the book, and 
suitable reference numbers to each chemical, enables the reader to find at a 
glance the firni or firms from whom each substanoo can be obtained. It 
also includes a list of proprietary and trade names and of proprietary and 
trade marks. It is good to note that the next edition will be issued in 1948, 
and that tlie regular publication of this directory, suspended during the war 
years, is to l^e resumed. It will prove invaluable to all who use chemioals, 
either in industry or in academic circles. 

F. P. D. 


GEOLOGY AND GEOGRAPHY 

La Palteg^ogpraphie : Easai aur ^Evolution dea Coutinezita at daa 
Octena. By Raymond Fdbon. (Pp. 530, with 136 figures and 
10 irmps.] (Paris : Payot, 100 Boulevard Saint-Germain, 1941. 
Frs. 180.-.) 

Thk book is divided into two parts, the first being introductory and general 
and the second palseogeographical. The first part is of particular interest 
to Britisli readers ; the striking examples chosen to illustrate methods and 
principles are drawn from the author's wide field of experience, and are 
therefore stimulating. Moreover, the stratigraphioal table is essentially 
European, though partly American, and tlie British terms take their allotted 
place ; terms less familiar to British students find a ready explanation. The 
account covers an enormous field, is lively and attractive ; for example, 
the author illustrates problems of dispersal by referring, inter alia, to plante 
axjd animals carried by Man. Out-of-the-way subjects like the fauz]^ of 
oaves receive attention. 

Ihe second part d^ls with the continents and oceans in tom, £pom the 
Pre-Cambrian to the (^ternary. A sense of proportion is well maintained, 
dearly the Newth Atlantic continent (Europe--NoriJh America) caimot be 
fully described in the j 68 pages* allotted to it ; but the leader for whom thb 
book is intended wilt gather all he wants in liiat amount of l0tt^<!pre8js, and 
he will find it difficult indeed to get as much anywhere else ydtb equal fhoUtty. 
the other continents are similarly dealt irith ; aliP the Atlanrie, Pacific and 
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Mediterranean. Thoae who know the geology of their own continent well 
may regard its treatment as superficial, but will profit from accounts of the 
others. Selections of Utorature are added. 

At the end of the book are systematic paleeogeographical maps of the 
world, with the distribution of some faimas, facies, and otlier features. The 
author warns students in the text that these are in no sense precise’ — no such 
maps con be — but they give tho average student exactly wliat he wants, 
namely, a welhinformod general idea, and if he misuses them ho must not 
blame the author. 

Tho book is, on tho whole, well illustrated. As tho author has drawn 
on numerous sources, so his own sketch-nwips and diagrams will no doubt 
find their way into other text-books. 

The well-informed general reader, students of geology, and members of 
sciences other than geology will find this book both useful and interesting. 
Clearly it cannot Ix^ exhaustive in any part of the subject, and tho author 
had no such intention. 

K. S. S. 


The Coaetline of England and Wales. By J. A. Steers. [Pp. x + 
644, with 114 text figures, 2 coloured plates and 115 half-tone illus- 
trations,] (Cambridge : at the University Press, 1946, 42«. not.) 

The coasts of Britain afford a remarkable diversity of origin and structure 
with rocks of most of the geological epoclis reaching our slioros, from the 
Pre-Cambriaui of Anglesey to the recent deposits of East Anglia. They offer 
too clear evidence of tho changes in relative level of sea and land in the 
raised beaches and submerged forests, whilst the evolution of divers typos 
of recent coastal formation can be studied in tho pebble beaches, dune systems 
and salt marshes. The Clujsil Bank, where all sizes of material from tho large 
stones near Portland to tho finest sand near Burton Bradstock have boon 
distributed by tidal action in perfect gradation, is as sublime a monument 
to tho forces of nature as tho combination of physical and biological activity 
that ia displayed in a dune system such as that of Southport. 

This work is essentially a ph 3 r 8 iographio description of our shores, con- 
ceived on a broad basis, which is valuable as an integration of the varied 
information acquired concerning the coasts of England and Wales from 
workers ia many different fields. The author has liimsolf visited a greater 
part of the coastline which he describes, and thus brings to his task a general 
knowledge of the whole, as well as his specialised familiarity with particular 
areas. Tlio book opens with a brief general account of the geographical and 
geological features, wlfilst the greater part of the text ia occupied with regional 
d^criptions, though special chapters are devoted to sand dunes and salt 
marshes. The author would appear to be uncertain as to his precise audience, 
so that at times he is simple and clear, at pains to be non-technioal, at others 
he terms tliat should for consistent treatment have been either avoided 
6r defeied. It is more a book of reference than a narrative and one which 
the visitor to the seaside as well as the serious student will find useful and 
iidbmattve. The numerous maps and photographic reproductions with 
whii^'h the text is embellished enable the reader to follow the descriptions 
of r^emillar areas with ease. 

Althouil^ is zxiade to the vegetational features of tlie coasts, 

the author is obviously far less at hoihe hero than with the geological aspects 



SCIENCE PROGRESS 


364 

of hi« subject. The omission to treat of the many maritime species which 
are of peculiar -geographical interest was perhaps in part desirable, on the 
groimds of safeguarding their preserv^ation, but in the chapter on dunes it 
comes as a shock to find the longdivod Lotm comicukUiia listed as an ephemeral 
and to find no mention of Hippophm rhamnoides amongst the characteristic 
dune shrubs. B.ut in so wide a topic as is compassed in these pages some 
sUght blemishes are almost inevitable and the author lias usefully filled a 
gap in physiographic literaturf\ 

E. J. S. 


G^ographie 6conomique et sociale de la France. By Piehbe 
Geobge. [Pp. 223, with 18 plates.] (Paris : Ifiditions Hier et 
Aujourd’hui, 1946. Frs. 136.™.) 

Sevebal works of outstanding merit have appeared in recent years on the 
political problem of contemponiry France, but what is still seriously needed 
is a good, readable work in English on the economic and social structuro of 
the coimtry, since this is the basis of any real imdorstanding of its life and 
problems. The work under review is intendtid to fill exactly tliis need for 
the French reader, and the author, a goographor, does it admirably. It 
opens with a brief survey of tho physical build of the country (in which, 
perhaps, there are too many technical ttirras introduced in a few pages for 
the comfort of tho general reader), but this is quickly followed by a cogent 
discussion of tho demographic problem and of tho lioed for making the best 
of the available man -power by tho reduction of tho inoitlence of tuberculosis 
and alcoholism, and by improving tlie standard of toolmical education. 
Here, too, arises the problem of absorbing tho large non*Ff©nch-sf)eaking 
immigrant population, that made up 6 per cent, of the total population in 
1936. The bulk of the book is devoted to throe sections on agriculture, 
industry and commerce. After a survey of the general oliaraiCteristios of 
agriculture and industry, there follows in each section a suixunary of the 
character of each of the main regions. Tho last section on commerce deals 
in turn with inland transport facilities, the tourist trade and foreign trade. 
It is a competent work emd should be read by all those who are interested in 
the French problem. 

E. E. D. 


BOTANY 

^ Ad Introduction to Botany. By A. W, Haupt. Second edition. 

[Pp. xii -f* 424, with 289 figures.] (New York and London : McGraw- 
Hill Book Co., Inc., 1946. 17«. net.) 

^Botany. Principles and Problems. By Edmund W. Sinnott. 
Fourth edition, [Pp. xviii + 726, with 403 figures.] (New York and 
London : McGraw-Hill Book Co., Inc., 1946, 22^. 6d. net.) 

These books are two well-known text-books of botany, both of which have 
jreoontly been revised and republished, respectively as second and fourth^ 
editions. As text-books, each has deservedly achieved some reputation 
which is likely to be maintained by the present revised formfil. It of 
course, true that most teachers of a subject have their own strong views as 
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to the most suitable form of text-book to employ and, while the reviewer 
would admit the wtues of each of these books, neither perhaps quite reaches 
the form which he would prefer. 

The strong point of Dr. Haupt’s book is the consistent treatment applied 
throughout to the morphological part of the subject. Although the functional 
aspects of morphology and anatomy are not neglected, the treatment of the 
physiological parts of the work is, on the whole, somewhat scanty and these 
subjects ore treated incidentally and functionally rather than from the point 
of view of the processes involved. Tlie illustrations throughout arc extremely 
clear, comprising both line drawings and excellent photographs, and they 
include a good many unusual aspects of the subject. Their one weakness 
soems to bo the fact that most of those dealing with anatomical subjects 
refer only to tmnsverse sections and the conception of anatoinioal form as 
involving throe dimensions is thereby lost. It may be urged in extenuation 
of those critioisras that a great deal is done well and that to add more would 
inoreaso the size of the book out of all desirable limits. 

The second of those books attacks the problem of botanical teaching from 
the somewhat broader point of view and, as is perhaps to be expected in 
view of its author’s interest in genetics, it deals very much more fully with 
developmental and morpho-genotical aspects of the subject and it devotes a 
smaller proportion of available space to the morphological work. Here 
again, much of tho physiological work, though given considerably wider 
treatment, is treated as part of tho functions of the different organs, though 
a chapter is added dealing with metabolism, whicJi precedes a later treatment 
of plant growth. Tho treatment of these subjects has been greatly extended 
in this edition to inoludo references to such recent developments as tho use 
of “ tagged ** atoms, genetics in Neurospora^ viruses, vitamins and anti- 
biotics as well as such aspects of growth as tissue cultures and allomotric 
growth. This book is, therefore, on tho whole, more suitable for the British 
degree student and perhaps its strongest point is the way in which the inter- 
relationships of tlie different ports of the subject are developed. 

W. H. P. 


pH and Plants. An Introduction for Beginners. By Jambs 
Small, D.Sc., Ph.C., F.R.P.S., M.R.I.A., F.R.S.E. (Pp. viii -f 216, 
with 16 figures.) (London ; BaiUi^re, Tindall <fc Cox, 1946. 12^, 6d. 

net.) 

It might bo argued tliat tlie prominence which “pH ” has been given in 
recent biological research and teaching is due more to tiie apparent ease with 
which it can be measuired them to a real appreciation of the fundamental part 
which the hydrogen ion ploys in physiological processes. Bo this as it may, 
there is mnloubtedly room for a book which will explain clearly to the 
botanist the basic physioo-chemioal concepts involved, and which will 
emphasise the complex way in wliioh hydrogen ion concentration may intemot 
with other factors of importance to plant life. Judging from its title, Pro- 
fessor Small has set out to supply this want in writing pH and Plants, An 
JmMhtctim for Bepnnera. It oaxmot be said that he has succeeded. An 
aooount is given of the theoretical principles underlying tHe concept of pH, 
l^t too large a proportion of ttie book is taken up by detailed empirical 
infbnoation, often insufficiently evaluated and integrated. Thus the chapter 
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on pH and enzymes oonstsis largely of a oatalogiie of the pH ranges within 
which various individual enzymes function and of an account of the part 
played by hydrogen ion concentration in the regulation of stomatal aperture 
in Ooffea at^idh. The effect of pH on enzyme action is not discussed in 
the li^t of modem knowledge of tho nature of enzymes or even in relation 
to tho effects on the properties of proteins mentioned in the preceding 
oliaptor. Similar criticism may be mad© of tho other sections. The standard 
of draughtmanship shown in the diagrams and some of the tables is low and 
some of the figures are very obscure. The diagram representing tho 
relationships of the factors concernfxi in stomatal movement is an exception, 
presenting the essential facts in a neat and easily remembered way. 

This book will be useful for reference, but it cannot bo recommended for 
student use. 

G. E. F. 


La Culture des Tiasus. By B.-J. Oauthebkt. Third edition. [Pp. 

202, with 32 plates and 43 figures.] (Paris ; Librairie Qollimard, 1946, 

Frs. 190.--.) 

This book deals with plant tissue culture and, in a readable form, gives a 
good deal of information about the European results which have accrued from 
tho’ application of this particular technique to plant growth. The manner in 
which tho treatment is developed is interesting, because the author maintains 
throughout the point of view that he is dealing with a scientific problem, and 
he shows tho way in which enquiry into this problem has developed. Taking 
it on tho whole, his treatment deals first with tho development of methods 
of growing plant tissues tn vUro and then, secondly, with tho nature of the 
morphological problems which arise in studying tissue cultures. He deals 
with the effect of growth -promoting substances and also with their physio- 
logical interpretation and, finally, considers the application of his i^dings 
to the problems of polarity in plant organs and the problems of plant 
pathology. 

One of the difficulties or tissue culture work from a morphological point 
of view has been that while it is easy, with duo precautions, to got tissues to 
grow in an unregulated fashion so that amorphous masses of more or less 
uniform cells are prodticed, little progress has been mode with the problem 
of inducing such growth products to develop into organised tissues such as 
those found inside a typical plant. If an already organised plant growing- 
tissue is used as the inoculum, then it continues to develop in its existing 
form and, on the whole, its form is not greatly changed during growth in 
otdture. In some tissues, as for example in cuttings &om freely growing 
species like Horseradish, a completely undifferentiated caUua may be formed 
which in due course develops, or may develop, roots or buds. This is, how- 
ever, a well-known phenomena which depends on what we call the existing 
polarity Of the tissue and it is evident that the polarity is carried over to 
the oultum tmehangedr problem is, therefore, to find a technique by 
which organisation, in the sense in which it is applied to root and shoot 
growing points, can be imposed on freely dividing and undifferentiating 
tissues in culture. M. Gautheret clearly is approaching this problem and his 
mode of approach will be appreciated by th<^ interested in Ihese mattek. 
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Mtfmuel d’ArboHoulture fruiti4ra. By E. Bmjfukm. Third editiozu 
[Pp. viii -f 510, with 441 figures.] (Paris : Librairie Lamarra, 1946. 
Prs. 148.-. net.) 

To produce such an enoyclopOKlio work of pocket size on the practical aspects 
of fruit culture calls for a conciseness of exproasion wlxich the practical man 
will appreciate ; nothing is lost by this mode of treatment, for the book is 
illustrated with numerous simple figures of almost diagrammatic clarity. 
The general treatment ranges from the raising of stocks, and grafting, to 
marketing, and insect and fungus pests. The second part of the book is 
concerned with the culture of individual fruits. Under the more genial 
climate of France, of course, peaches, apricots and grapes may bo dealt with 
on the same teams as apples, pears and soft fruits, although wall culture is 
necessary in the north of the country and has claimed its share of attention. 

An attempt has been made to describe the numerous varieties with which 
the text deals, but it may be doubted if the treatment is sufficiently full, even 
with the outline drawings, to moke identification possible by any but the 
expert. 

A third section of the book deals with the layout of gardens and orcliards 
and also contains calendars for the harvesting and use of fruit. 

To the beginner and amateur, at least, it would bo difficult to suggest a 
more useful book of the same size, for he will encounter few problems which 
it will not help him to solve. 

F. W. J. 

ZOOLOGY. 

Atlas das Parasitas das Culturas. I. G4n4ralit48. Proc6d4B da 
lutta anti-parasitaira. £tuda das parasitas; Ortliopt4ras, 
H4inipt4ras, N4vropt4raS| Ldpidoptdres. By Raymond 
PoOTiERS, [Pp. 127 with 12 coloured plates, and 61 figures.] (Paris : 
Editions N. Boub6o <fe Cie., 1945. Frs. 200.-.) 

Dr. PotJTiBRs’ Atlas is in three parts. Its aim is to enabler growers and others 
interested to recognise the principal posts and diseases causing damage to 
cultivated plants of all kinds and to give the most appropriate control 
measures. Part I, the small volume under review, includes introductory 
sections and brief accounts of insects of economic importance in the orders 
Orthoptera, Hemiptera, Neuroptora and Lepidoptera. Thus a wide field is 
covert in a small compass and iho treatment is necessarily very condensed. 
Remedial measures--biological, mechanical, cultural and chemical — are dealt 
with in 14 pages and an introduction to the mor|ffiology and biology of 
insects in 6 pages, the remainder of the text being devoted to short descriptive 
notes on a largo number of species in the orders mentioned that feed on 
cultivated plants, and still briefer notes on means for their oontrol. Many 
of the insects refen^d to do hot occur in this country or ore not sufficiently 
injurious here to be regarded as pests. 

The book is packed with information in very concise form and will be 
useful for reference, but, for the practical grower, the lock of detail must 
inevitably be a serious drawbiswik. The line drawings and the coloured 
* plates, illustrating some of the pests and the damage they cause^ may be 
hdpfUlt though no indication is given ad to the size Cf the insects depicted 
fo the text ; for the readers for whom the book is intended, the space 

Occupied by 10 figures of the pygidia of different species of Scale Insects ooxild 
|x»rhaps have been used to greater advantage* 0, T. O. 
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Biology of Tissue Cells* By Albert Fi8CB3BB. [Pp* viii + 348* with 
56 figures.] (Coponhageu : Gyldendalske Boghaadel ; Cambridge : 
at the University Press ; New York *. 0. E. Steohert A Co., 1946. 
31s. 6d. net.) 

Thebe is a high probability of finding good reading in a book by Dr. Albert 
Fiseher on tissue cxdture. In this instance one’s anticipation of the fare is 
enhanced by its dedication — “ to the memory of Jacques Loeb.” Nor are 
these anticipations unfulfilled. The main theme is a discussion of the extent 
to which a tissue culture resembles an organism. Associated with this are 
somewhat detailed descriptions of the morphology of various cell types in 
tissue culture, and examinations of the exchanges between a coll and its 
environment, the nature of growth-promoting substances, the nitrogen 
metabolism of tissue culture cells, and of their energy exchanges. If there 
is a cause for complaint about this diet, it is not of lack of riclmoss, but of 
lack of balance. As one reads, one is well aware of those courses which 
deeply interested Dr. Fischer : equally, one is aware of those wlxich did not. 

There are many grounds for scepticism of the theory tliat the cells of the 
metazoa are potentially quite independent units. The general nature of these 
grounds was summarised in J. Gray’s book, Experimental Cytology. In this 
account of mammalian and avian cells Fischer moves almost to the opposite 
extreme, in this respect resembling Wigglesworth in his article on insect 
tissues in the Festschrift recently presented to Sir D’Arcy Thompson (Growth 
and. Form). A tissue culture cannot be produced from one cell : the initial 
implant must consist of a number of cells. The cells have protoplasmic 
oonneotions, which, though often constantly broeddng and reforming, are 
essential for the well-being of the cells. If one cell dies, as by the action of 
a micro-dissection needle, neighbouring cells may die. Even the wandering 
cells make contact with one another far more frequently than is to be 
expected on a basis of random colliaions. The ultimate size of a culture is 
often relatively independent of the $ize of the culture medium, and relatively 
dependent on the size of the initial implant. When part of a woll-oetablished 
culture is cut away, regeneration of the “ wound ” is rapid, and accompanied 
by relatively little growth of the uninjured port of the culture. Cell differ- 
entiation varies in a characteristic way in the dilferent parts of a culture. 
It is on arguments such as those that Fischer bases his view, which is best 
summarised in his own words : Tissue cultures must be regarded as regen- 
erating tissue fragments, primitive cell states, or organism-like systems with 
strong correlations, and not as colonies of independent cell individuals.” 

J. F. Dakiellx. 

L’Origina des Espies. By EmUiE OxtyAnot. [Pp. 128, with 19 
figures.] 1944. G6n4tiqud at H6r6dlt4. Bv Maxtbioe Caxtllehy. 
[Pp. 128, with 32 figures.] 1943. Genm de rHumanlti. 
By C. Aeamboubo, [Pp. 138, with 36 figures.] 1943. Comment 
no defend rOrganiame. By LifeoN Binet. [Pp. 120, with 
12 figures.] Fourth edition, 1943. ho Motaur vivant. By PAtm 
CHAtJCHABp. [Pp. 128, with 23 figures.] 1946. ^Collection ” Que. 
eais-je ? ” Presses Universitaires de France, Paris.) 

The extensive series of cultural handbooks, ” Que sais-je 7 ”, publish^ 
in ii^ranoe during the war, an4 covering a wide range of subjeo^, hoim 
testimony to the keen interest m inteUeotual studies which was xrm^ib$ih^ 
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during the oooupation. If we may judge by these five biological exampleei 
the Collection reaches a very high level of competence and accuracy. Those 
imder review are so good that they naay bo read with profit by the professional 
biologist as well as by the layman to whom they are primarily addressed. 

Prof. Guy^not's account of the present state of evolution-theory is a 
little masterpiece of exposition -; it is comprehensive, up-to-date and well 
balanced. The days are past of grandiose speculations and all-embraoing 
theories of evolution ; the modem attitude is more modest and more critical. 
Guydnot accepts the teachings of genetics, and considers that gene mutations 
may have x^layed a considerable r6le in the formation of the smaller systematic 
groups. As to the origin of the groups larger than the species we know 
practically nothing, and “ wo must not forgot that the world of life shows us 
without doubt something more than the result of imco-ordinated mutations 
arising by chance ** (p. 112). We ore still quite at a loss to understand the 
origin of a new organ or of a now structural type. Such is the conclusion of 
this admirable little book. 

Prof. Caullery gives a full and detailed account of the modem science of 
genetics, stressing the capital importance of this for the practical study of 
heredity. His book forms a very useful introduction to the subject. He is 
a convinced adherent of the gene theory, and perhaps overstresses its signi- 
ficance, but, like Guy^not, he admits that mutations do not provide the key 
to evolution. 

Tho much -vexed question of the descent of man is discussed by Prof. 
Arambourg in a very able way in the light of the most modem evidence from 
pakeontology and prehistory. It is common ground that tho line leading to 
man branched off early from the simian stock which gave rise to tho gibbons 
and the anthropoid apes, but just how early is uncertain ; Arambourg puts 
it about the base of the Miocene. In the genealogical tree sketched on p. 131 
the descent of man is traced through LimnopUhecus and forms resembling 
Ai^simlopithectia to pre-human types such as PUhecanthropm and Sinan- 
thropus. The genus Homo first appmrs in the Quaternary in the form of 
Neanderthal man, who in turn gives place to the Cro-Magnon man of the 
Palseolithic, tho immediate ancestor of modem man. Arambourg gives the 
whole evidence and discusses divergent views very fairly, and lie has some 
wise remarks to make about the doubtful progress made by civilised man 
and the improbability of his developing into superman. 

Prof. Binet discusses in a most interesting manner the subtle and delicate 
ways in which the organism, through physiological means, protects itself 
against adverse influences, such as cold, heat, paixi, lack of oxygen, hunger 
and thirst, loss of blood. His very successful little book forms a useful 
supplement to the work of W. B. Cannon and his school described in that 
ciaasic T/ie WUdom of the Body, especially as it gives an account of recent 
researches in Prance. 

The mechanism of bodily movement, especially in man, and its control 
by the nervouis system is the subject of Dr. Chauchard’s little monograph. 
He describes the muscular architecture of the body in relation to tho skeleton 
and the ^varied fbnotions to be performed, and gives a full account of the 
contractile element of muscle and of the very complex physioo-cbemical 
processes underlying muscular contraction. A third section deals with the 
nervous impulse and the co-ordinating action of the central nervous system. 
Altogether a competent and up-to-date piece of work. It is mteresting to 
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note that the author’s point of view is non-materialktie ; he refuses to 
believe that the marvellotis and delicate adaptations of form and function 
which the body shows con be the fruit of chance. 

£. S. EtrsssiiL. 


MISCELLANEOUS 

The Huxley Papers : A Descriptive Catalogue of the Corre- 
spondence! Manuscripts and Miscellaneous Papers of the 
Rt. Hon. Thomas Henry Huxley, P.C., D.C.L., F.R.S., 
preserved in the Imperial College of Science and Techno- 
logy, London. By Wakren R. Dawson, F.R.S.E., F.S.A. [Pp. xii 
4" 20L] (London ; Macmillan & Co., Ltd., 1946. 25tf. net.) 

Thk examination and classification of these papers, which wore acquired by 
the Imperial College in 1937, was by no moons an easy t£i«k. They were 
in great disorder, owing, as the editor says, to the “ utterly unsystematic, 
imbusincBslike and careless habits of Huxley in all tliat oonoemed his cor- 
respondence and papers.” His handwriting was so ” atrocious ” that the 
papers demanded the most competent intuitive study before they could bo 
deciphered. This deterioration from his earlier neat and legible script began 
in the later twenties of his life, and thenceforward became more and more 
pronounced as he advanced in years and commitments. The more important 
letters have now boon bound in seven volumes, and the remaining correspond- 
ence and other papers have been sorted out and arranged by Mr. Dawson 
for binding in a further twonty-tljreo volumes, when conditions permit. 
The letters include those written by Hipcley himself, or sent to him. They 
are about 4500 in number, and comprise some 860 correspondents, whic^ 
testifies to the wide range of the material, and to the catholicity of Huxley’s 
interests and friendships. In addition to the letters there arc other dociunents 
such OB diplomas, diaries, caricatures, drawings and photographs, which, not 
being suitable for binding, arc preserved in filing cases. 

We must admire the skill and industry displayed by Mr. Dawson in 
identifying, classifying and epitomising all the items in this confused welter 
of manuscripts. The result of liis labours is a printed catalogue which at 
first sight appears to be one of those works of reference of much value and 
even importance, but which is not intended to be read. This, however, 
wotild be a mistake, since a closer examination enables the reader to pick 
up some crumbs from Mr. Dawson’s admirable miniature epitomes. A 
detailed index would have been a welcome addition, but its compilation might 
have broken the back of an already overwrought editor. It is obvious tiiat 
we have in tliis volume a magnificent field awaiting exploration by sewno 
future Ph.D. candidate in the history of biological science during the Vic- 
torian era. New light wotild be thrown not only on Huxley’s own activities 
and interests, but on the personalities of his contemporaries, and on the 
infiuence exercised by the Royal and other learned sooieties* There is thus 
much to be added even to the detailed biography of Huxley by his son 
Leonard. 

The names of the correspondents are arranged alphabetically! and tliis 
to some extent takes the pl^e of an index. The dates cf blrtdiv^i^ death 
of each writer are given and their letters are arranged in chronologiosdi oxd^ 
the places of Srigin being also recorded. Press marks enable tb^ student to 
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put luB hand at once on any letters or documents wanted. The most 
voluminous of Huxley's correspondents were Hooker, Darwin, Michael Foster, 
Tyndall, Lyell, Dohm, Haeckel, Herbert Spencer and Lankester. Wallace 
apparently was not addicted to letter writing, and it is surprising and disap- 
j)ointing that there aro so few letters from W. K. Parker. Huxley con- 
stituted liirnself Parker's father confessor, and favoured him with admonitory 
advice of a most delightful character, but the incorrigible Parker, who had 
little gift of humour, could not be induced to mend his ways. It is pleasant 
to note that Huxley never despised or discouraged fhe amateur worker, as 
his letters to Albany Hancock and others abimdantly illustrate. Several 
letters frord and to tliat most lovable man George John Bomanos relate to 
the Romanes lecture delivered by Huxley in the Sheldonian Theatre, Oxford, 
on May 18, 1893. The reviewer was present on that occasion, and was 
privileged to spend the morning with Mr. Romanes in Huxley's company. 
The great man talked incessantly, and with his customary vigour and charm. 
From time to time he pulled liimself up, observing that ho must ntirse his 
voice for the lecture in the afternoon. These pavises, however, were of short 
duration, and the result was that the lecture was inaudible to many of the 
audience, euid the undergraduates in the gallery, after urging him to sx>eak 
up," without obtaining the required response, clattered noisily down the 
stairs into the street. Huxley, unmoved, continued to the end, refusing to 
hand over to the Public Orator, who had previously conned over the lecture, 
and was prepared to read it if Huxley’s voice should, as it did, fail. 

The work is well printed on good paper, but the binding is suggestive of 
war-time craftsmanship. 

. F. J. Cole. 


The Life of a Chemist : Memoirs of Vladimir N. Ipatieff. Edited by 
Xenia Joukoff Eudin, Helen Dwight Fisher and Harold H. 
Fisher. Translated by Vladimir Haensel and Miis. Ralph, H. 
Lusher. [Pp. xvi 668, with 8 plates.] (Stanford University Press 5 
London : Oxford University Press, 1946. 33#. 6c/, net.) 

Among chemists, the reputation of Vladimir Nikolaevich Ipatieff rests 
securely upon a long and distinguished record of research work. His name is 
linked witji the first synthesis of isoprone, which he accomplished in 1896 ; 
but he is more widely known as a pioneer in the investigation of catalytic 
reactions at high temperatures and pressurena, upon which subject he published 
an authoritative book in 1936. As a chemist he taJces rank with a select 
band of Russian masters, including Mendeleev and Lomonosov. The work 
under notice, which is issued as a publication in the Hoover Library on War, 
Revolution, and Peace, is concerned not so much with the details of Ipatieff’s 
ehemioal researobeii as with the recollections of an eminent scientist who 
played a leading part in recent eventful years in Russian history. 

Ipatieff, bom in 1867, was intended for a milit4My career. He reached 
the rank of major-general in 1910; but during Ids passage through the 
Mikhail Artillery Academy he was attracted intensely to chemistry, which 
thereafter became his chief interest. As he says of his half-brother, Chugaev, 
fknm that time he evidently ** oonsidered science his purpose in hfe." His 
ohemical researches showed an oxiginality so pronounced that in 1916 Ipatieff 
was made a member of the Russian Academy of SoieiSDes. His work was not 
only of great theoretical interest^ for high-pressure catalysis has done much 
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to revolutionise chemical industry in the twentieth century. As Ipatieff 
himself pointed out in 1927, apart from atomic structure, the leading chemical 
problems of tliis century have been catalysis, adsorption, and colloids, in 
three closely related fields. 

Besides becoming a major-general and a professor at the Mikhail Artillery 
Academy. Ipatieff was a figure of the first magnitude in Russian science for 
some years l)efore and after the Revolution. During the first World War 
he became the leading Russian authority on explosives and chemical warfare, 
€md after the Revolution he threw himself into the gigantic task of directing 
the rastoration and development of the disrupted chemical industries of 
Russia. During this intensive work over a long period he came into close 
contact with all sorts and conditions of men, ranging from the Tsar, Mendeleev, 
Lenin, and Trotsky to imeducated workmen whose remedy for recalcitrant 
blast-furnaces was to lower ikons into the^m ! 

This story of Ipatieff’s life has no pretensions to literary merit. It is told 
in simple factual sentences which make it all the more convincing. Striving 
to keep clear of politics and to make his country’s interests the first con- 
sideration, Ipatieff became in 1921 a non -Party member of the Soviet 
Government. By 1930, however, conditions affecting him had so deteriorated 
as to lead him to leave his country and continue his scientific work in the 
United States. As a consequence, he records that in 1937 his name was 
removed from the rolls of tlie Academy of the U.S.S.R., and the Soviet 
Government “ forbade Russian chemists to mention my name in their 
scientific publications.” 

Tliese memoirs remind one forcibly of Visooimt Grey’s reflection ; ” The 
history of the French Revolution, the . experience in our own time of the 
Turkish and the Russian Revolutions, show that, bad as despotism is, 
doomed as it is to work its own ruin, the first-fruits of its overthrow are not 
love and liberty.” 

John Read. 


Middle East Science. A Survey ol Subjects other than Agri- 
culture. By E. B. Worthington. [Pp. xiv + 239, with 16 plates 
and 6 maps.] (London ; H.M. Stationery Office, 1946. 1$, 6d. net.) 

This is No. 2 in a series prepared for the Middle East Supply Centre, Cairo 
(M.E.S.C.), during 1943-45, of which the volume by Dr. B. A. Keen, ,F.R.S., 
AgriGuUiJt/ral Demlopment of the Middle East, is No. 1. Dr. E. B. Worthingtont 
Director of the Freshwater Biological Association, was the member of the 
Scientific Advisory Mission to the Centre charged with stiidy of biological 
problems related to non-agrioultural resources. 

Perhaps a better descriptive title of this important and very ably compiled 
report would be ” A Survey of Scientific Problems in the Middle East,” and 
Dr. Worthington describes his work as being concerned with problems related 
to the non-agrieultural resources, including water resources, and problems 
with a biological basis affecting population. It is almost a model of idiat 
a report of this type should bo. Dr. Worthington has done much more than 
compile a report. The present work not only surveys the present conditions 
affecting the lives of some sixty-nine millions of human beings, bul also 
indicates the lines of investigations calculated to effect desirable changes in 
puUio services so as to improve the social and eoostmmie oemditi^^ the 
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eighteen or more coimtrieM having unuetially varied types of civilisations, 
political systems or backgrounds, religions, climates and resources. 

The M.E.S.C. had to solve immediately urgent problems, of which not 
the least important was securing adequate means of livelihood during the 
war in the various oountrit^s, some of which had been under enemy control, 
and all were subject to difficulties arising from lack of transport preventing 
the importation of what hod come to be considered as essential foodstuffs 
and manufactured goods. Had its wjrk stopped there, the Supply Centre 
would liave bet>n amply justififxl by the success achieved ; but the Scientific 
Advisory Mission of the Centre has done much more, and Dr. Worthington 
has shown tlie basis of the long-term policy for the successful development 
of these countries, which are destined to play an ever -increasingly important 
role in that politically rapidly changing part of the world. 

Excluding agriculture, the bases of progressive improvement in the moans 
of livelihood and healthy living conditions in the various ooim tries are all con- 
sidered in their turn. There is obviously urgent necessity for the introduc- 
tion in many parts of more scientific methods for completing surveys, for 
more detailed study of the geology, meteorology and all types of water supply, 
wliioh are oomplemontary to each other, if the problems relating to plants, 
animals, forestry and fisheries are to studied and sxiccossfiiMy solved. 

In addition, there is the enorrnotis field of tho study of human diseases, 
both endemio and epidemic, and of public health and medical servioos, which 
looms so largely in any survey of tropical and sub-troj^ioal countries ; and 
closely related are the problems of nutrition, imusually difficult amongst such 
widely diverse types of peoples, amongst whom deficiency diseases are frequent 
with their inherent effects on human development and progrt^as. 

Dr. Worthington’s well-documontcd addition to the series of publications 
from the M.E.S.C. is comprehensive and will be found unusually valuable 
to all whose j>ublic work lies or will lie in any of tho countries witli whicli 
the survey deals. 


C. S. Gibson. 
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Laboratory Experiments in General Chemistry and Qualitative Analysis. 
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In 1924 a most remarkable palaeontological discovery was made by 
Professor Raymond Dart of the Witwatersrand University, Johannes- 
burg. It consisted of an excellently preserved portion of the skull 
of an immature creature of ape-like appearance, together with an 
admost complete natural endocranial cast. The whole of the milk 
dentition and also the first permanent molar teeth were in position. 
The specimen was embedded in a limestone matrix, derived from a 
cave deposit at Taungs in Bechuanaland. Dwrt recognised in this 
fossil an astonishing combination of superficial simian features with 
morphological details of a hominid character. He proposed to 
allocate it to a new genus of the Hominoidea, Awtralopithecus, and 
regarded it as evidence of a very early phase in the evolutionary 
origin of Man. However, his views did not gain general acceptance ; 
indeed, some authonties expressed the o|Hnion that AmtrdU^thecm 
was nothing more tlum a variety of anthropoid ape closely akin to 
the gorilla mid chimpanzee, and, while they admitted certain 
curiously human features in the skull and denUtiou, they suggested 
that these were probably an expression of parallel or convergent 
evolution and thus only of secondary importance. But in 1936, and 
daring subsequent years, the remains of adult representatives of the 
same type of creature discovered by Dr. Robert Broom of the 
Transvaal Museum, Pretoria. Some of these remains, which con- 
sicrted of fossil skulls and limb bones, were found in Umestone deposits 
at Sterkfontein (about 40 nules from Johannesburg) and allocated 
by Broom to a new genus, Pksianthropus ; others were found at 
Kromdraai (about 2 miles from Sterkfontein) and allocated to 

Together with these 

|pin 0 ra have been included by Gregory and Heilman (1939) in 
a obiuiaiml sttb'fiunily, the Australopitheoinn. At the end of 1946, 
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a comprehensive monograph on the Australopitheoiiue was published 
by Broom and Schepers. The data recorded in this monograph 
immediately made it clear that Dart’s original interpretation of the 
significance of Avstralopithecus had been correct in all essential 
points and that the importance of the Australopithecinse was far greater 
than many aiyatomists had believed it to be. Indeed, it is now clear 
that they have a profound significance for the study of the evolu- 
tionary origin of Man, and it is not too much to say that, in this 
respect, they represent by fat the most important discovery evw 
made in the field of human palseontology. Recently, the present 
writer (in connection with a visit to Africa as a delegate to the Pan- 
Afirican Congress on Prehistory) had the privilege of making a 
personal study of all this fossil material, and the present communica- 
tion is based on his own observations as well as on the detailed 
information already published by Dart, Broom and Schepers. 

Before entering on a discussion of the significant morphological 
features of the Australopithecine fossils, it is necessary to review 
briefly the general conceptions of human phylogenesis which have 
been current for many years now. It has bwn well recognised, of 
course, that on purely morphological grounds the modem anthm* 
poid apes (constituting the family Pongidee) are more closely akin 
to man than any other group of existing primates. Not only are 
the stractursd resemblances between the Pongidm and Homi m cUe 
remarkably precise and detailed in many anatomical features, such 
as those of the brain, skull, dentition, post-cranial skeleton, viSowal 
organs, plaoentation, etc., but some of the physiological resemblandes 
are almost equally striking (see Zuokerman, 1933). Thus it is dear 
that, in contradistinction to the other primates, the Pongidas and 
Hominidse form a natural zoological group, and this has now received 
final recognition (in the most recent classification of the Mammalia^ 
Simpson, 1945) by the inclusion of the two families in one sttpet* 
family, the Hominoidea.* But this conception of zoological relation* 
ship has also tended to carry with it the assumptirm that, sinoe the 
anthropoid apes evidently represent a lower level of evolution eo fit 
as certain features are concerned (rapeoially the relative degree df 
cerebral development),. Man himself was originally derived in the 
course of evolution from an ancestral stock bearing many of the 
oharaoteristio morphological traits found m the brge anthropoid ipe#^ 
of to-day. 

4:'](n this essay, ih^ Uma kmiiMd is used in ad^tival 

.‘^per-family Hemineidea. The tern 
the ihndly Bominidn (ahioh inoltuies all the Ifvi^, ami, e^^ 



THE FOSSni AHSTBAIXJmHEOIEJS 379 

main anatomical features which distinguish the Pongide as 
a natural group can be quite briefly summarised. In the larger 
representatives of this family, the brain is very similar in its con' 
voluisonal pattern to that of Man, but it is only about a third of 
the volume. The jaws are massive. The dentition is ohiwaioterised 
by a considerable enlargement of the incisors and canine teeth, the 
latter (partioulariy in males) forming sharp, projecting tusks. 
Associate with this is a powerful development of the temporal 
musculature, usually marked by strong bony ridges or crests on the 
skull. The foramen meignum and occipital condyles occupy a 
relatively posterior position on the base of the skull, and the nuchal 
musculature is strong and has an extensive attachment to the 
occipital region in ordw to counterbalance the weight of the front 
part of the head with its massive jaws. The arms are long and 
powerfully developed in adaptation to arboreal habits, which include 
the method of progression by swinging from bough to bough 
(braohiation). The legs are relatively short and the foot is provided 
with a mobile and opposable hallux. The question now arisetl— 
how far are these anthropoid ape characters primiiive in respect of 
the Hominidm ? Certainly the small brain is to be regard^ as a 
primitive feature, and there can be no reasonable doubt that the 
brain of a gorilla or chimpanzee represents a very close approxima- 
tion to that of the ancestral stock which gave rise to the human 
family. But are the other features mentioned above necessary 
oonoomitonts of this phase of evolution ? It is probably fair to say 
that such a conception has been quite widely accepted for many 
years. It has been generally assumed, for example, that the imme- 
diate ancestors of ^e Hominidse were almost entirely arboreal in 
habitat, showing much the same arboreal adaptations as the modem 
chimpanzee, and that <me of the first stages in human evolution 
was marked by a “ descent from the trees ” and a gradual modifica- 
tion of a Umb structure previously adapted for brachiation to a 
Umb structure adapted for terrestrial progresdon in an erect posture. 

Objeoflbns to this provisional picture of the evolutionaiy origin 
dT Man have from time to lime been raised by comparative 
SAatmAists, who have pointed out that in respect of some of their 
main anatomical charaotem the large Pongidm are in fret more highly 
i^ploialkHNl than the HominicUe. For example, the jHimitive form 
ciiiw eoniiie in the primateeis bdtieved to have been a “ brachydont 
tooth ^ moderate dimensums, more like that of certain primitive 
iT|iiuioiiliatlvinfi nf thn TToininidirj whiln in the limb^^oportiohs Mon 
ia hi^^ mciro j^mitive than the large anthropoid apes. I^ose 

these Unes have based their reasoning partly on the 
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conception that the queens of evolution has on the whole been 
marked by an orderly, r^ular and progressive sequence of changes 
dependent upon definite laws, and is by no means a haphazard or 
erratic phenomenon involving abrupt deviations and oscillations in 
the main direction of morphological development. But they have 
also been influenced by the so-called “ Law of Irreversibility of 
Evolution ” or “ DoUo’s Law.” Now, it is important to emphasise 
that this “ law ” cannot be taken to imply a rigid uniformity in 
evolutionary procedure (which, of course, could only be proved 
by the most exhaustive analysis of large numbers of complete 
records of phylogenetic sequences) ; it was intended merely as the 
formulation of what appears to be a general tendency, so far as 
this is indicated by the relatively incomplete records which are so 
far available. These records, indeed, do suggest that, on the whede, 
evolution is irreversible in the sense that, once a certain stage of 
development is reached, a previous stage is very unlikely ever to 
be exactly reproduced again. But it is necessary to make a clear 
distinction between what may be called a •“ negative reversal ” or 
the loss of a character which has previously been developed, and a 
“ positive reversal ” or the development anew of a character which 
has previously been lost. Negative reversals have, of course, been 
quite frequent occurrences in evolution, but it is probably true to 
say that they not uncommonly leave behind indications which are 
to be detected by detailed anatomical or embryological studies. For 
example, a number of muscles which were presumably present in a 
primitive phase of primate evolution have disappeared in Man, but 
their history is betrayed by fibrous vestiges, or by their occasional 
appearance as “ atavisms ” in individuals. Again, in many mam- 
malian groups, one or more toes have been lost in the course of evolu- 
tion, but their traces remain as vestiges in the adult or in the embryo. 
On the other hand, a positive reversal, in the sense that a lost 
character is again reproduced »n precisely ite original form is probably 
a Yoxy rare phencunenon, though even this is by no means theoretically 
impossible. The “ law of irreversibility,” therefore, can oidy be 
taken as a general guide in attempting to visualise evcdufikkiary 
lines of devdopment, and for this purpose it is extremely us^ul as 
an indicator of probabilities. 

Let us now consider some of the distinctive oharaoters of the 
large fmthropoid apes in a little more detail. It has been argued 
that the braohiating me&od of locomotion has been an important 
factor in orientatiBg the body to an (urthoginde zatlmr than a^^p^ 
grade posture, leadii^ to various charges (in. which the 
xeaemble the Btominidne and differ from tihe lover prii!tiateii)>>swih 
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as in the amuigement and suspension of the viscera and the modifica- 
tion of the pelvic skeleton, and that this change of body orientation 
was in fact an essential prerequisite to the ultimate development 
of the erect posture in Man^ Unfortunately for this theory, how- 
ever, the haMt of brachiation also leads to profound chains which 
are definitely opposed to those which have found expression in 
human phylogenesis. Not only does it lead to a great lengthening 
of the arms and a relative dwindling of the hind limbs, it also leads 
to certain quite well-marked degenerative changes. For examine, 
the thumb undergoes a relative atrophy, accompanied by retro- 
gressive changes affecting some of the muscles which control its 
finer movements. This specialisation is directly related to the 
adaptation of the hand and fingers as a kind of hook which permits 
ihe animal to swing very rapidly from branch to branch. It is this 
sort of comparative anatomical evidence which makes it improbable 
that Man (who shows no signs of such aberrant specializations) 
could have been derived from an ancestral stock already showing 
these extreme adaptations to brachiating habits. Characteristic 
changes also occur in the hind limbs of brachiators, for they become 
more specialised for grasping purposes than in the lower primates 
and thus relatively less capable for use in terrestrial progression. 
It is true that the gorilla and chimpanzee can ” stand up ” in the 
sense that they can temporarily balance themselves on their hind 
limbs, but this is by no means an habitual posture and is only resorted 
to occasionally and momentarily as, for instance, when the animal 
is on the ground and needs to firee the arms for attack or defence. 
There is good evidence that the human foot was originally derived 
from a prehensile foot with a mobile hallux, such as is characteristic 
of lower primates ; this is evidenced by the disposition of the mus- 
oidature of the big toe in Man and also by the line of the funotfonal 
axis of the foot (Morton, 1924). But the evolutionary conversion 
of an arboreally adapted foot, similar to that of the modem large 
anUmopoid apes; into a human type of foot would offer such serious 
meohanieal difiHoultieB that it can hardly be considered feasiUe. 
Wb matter has been discussed in great detail by Morton, who has 
shown that, in a large and heavy animal such as the gorilla, the 
<^uuige from an arboreal to a terrestrial mode of progression tends 
to lead to a characteristic distortion of the tarsal elements of the 
foot, owkig to the foot that, as the result of the powerfully developed 
arms and shoulders, the centre of gravity of the body is so placed 
that the body weight is bound to be directed mrinly fcnrward to the 
fooot part of the foot rather than back towards the heel. ThiB 
dhAoirtion has been avoided in tilie human foot, and from such 
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oonsideratiolu Morton argues that the human Hue of evnlntion must 
haTO diverged frcHU the Hne of the modem anthropoid apes at a time 
when the common ancestor was a relatively small and agile type of 
animal, perhaps not much larger than the modem gibbon. If these 
arguments are valid, it follows that a terrestrial habitat must have 
been assumed by the ancestors of modem Man much earlier than 
has often been supposed. This conception receives some support 
of an indirect nature from a consideration of the remains of early 
Man in China— Pt^AecantArojnM (Sinanihropui) pekinenaia. Some 
fragments of limb bones of this primitive hominid have been dis- 
covered and, so far as they go, they indicate that Pithecanthropaa 
was equipped with a Umb skeleton identical with that of Homo 
aapiena, even in the refinements of its straoture. Since it seems 
certain that this extinct genus of the Hominidee Hved in the Eariy 
Pleistocene, probably more than half a miUion years ago, it is clear 
thatevenatthatremotetimeUmbs of modem human type had already 
been acquired, though the brain, skull, and dentition stiU retained 
many remarkable simian characters. It must be inferred, there- 
fore, that the evolutionary development of a human limb structure 
occurred at an even earlier time, and well in advance of corresponding 
changes in the brain, skull and dentition. It may be no^ that 
some of the features of the skeleton of Neanderthal Man have been 
assumed to represent to some extoat a transitional stage between 
Homo aapiena and a “ goriUoid ” type of ancestor. But the evidence 
now available from the much more ancient remains of Pitheeanthropua 
indicates quiie definitely that such simian ” features as may be 
found in the Neanderthal skeleton are the result of secondaiy 
retrogressive changes. 

Let us now tium our attention to the evidence of the dentition 
in the consideratiou of human phylogeny. There is quite sound 
evidence that the relatively small and braohydont omiine tooth of 
Homo eapiena is the result of an evolutionary retrogression from a 
larger and more powerful tooth. This is shown by the fact tiiat hi 
modem Man, although the canine has no speciidised function, it is 
provided with an unusually long root, its eruption is retard^ till 
after that of the premolar teeth, and in some individuals it is pointed 
and projects well beyond the level of the crowns of the adjacent 
teeth. Moreover, in some of the extinct primitive hominids, par- 
iioulariy P^h/eemthropwa, the oanine teeth were rather more massive 
them in Homo aapiema and showed certain moderately mmian features. 
On the othor hand, it seenu improbable that in huniad anceitty 
the canines were ever as eatxomely devdoped as in the nmdatm^^^l^^ 
a^, for tins degree of spedaliaation inevitably leads to seeondwty 
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specialised changes in adjacent teeth, as wdll as in the general 
architecture of the skull. For example, the first lower premolar 
tooth takes on a sectorial form in order to provide an adequate 
functional opposition to the upper canine in occlusion. The dental 
arcade, also, becomes disposed in an elongated U-shape, with the 
premolar and molar teeth formii^ almost straight parallel rows, 
twminating abruptly anteriorly in the enlarged tusk-like canines. 
In Man, the dental arcade is more evenly curved in parabolic form, 
and the first lower premolar preserves a primitive bicuspid character. 
Thus, as with the limb structure, there is reason to believe that 
some of the typical features of the dentition in the Pongidte represent 
aberrant specialisations, which make it improbable that they could 
have foimd a place in the evolutionary development of a hominid 
type ctf dentition. It is true, as has often been pointed out, that 
the dentition of the modem anthropoid ape shows considerable 
variation, that, for example, in female gorillas the canine may be 
relatively reduced, and in some chimpanzees the sectorial form of 
the first lower premolar tends towards a bicuspid form. But these 
partial modifications do not lessen the fact that in the Pongida 
there is a prevailing tendency towards specialisation in the characters 
mentioned above, and that this type of specialisation has evidently 
been avoided in the Hominida. 

The general thesis that Man is derived from ancestral forms not 
very dissimilar in their main structure from the chimpanzee has 
appeared to gain support from the palaeontological evidence of late 
Mioomie mid early Pliocene apes. Many jaws and teeth of these 
foiteil apes have been recovered in Europe, Asia and Africa, and most 
of them have been assigned to the genus Dryopi1he<m. In several 
fisatuves of the dentition, the dryopithedne apes were more 
igmaeralised than the modem apes, and in some species there are 
certain resemblemoes to Man in the proportions of the lower molar 
teeth and in the fact that the canines are not very highly specialised. 
;Otiier species in their molar pattern surest ain approximation to 
tile gorilla, chimpanzee or orang. Thus the opinion has gained 
gtound that they <iepresent an anoestrti group which gave rise by 
dlivergaat evolution to all the existing large Hominoidea, that is fo 
tite modtem large apes and also to Man. This view has been partioa- 
latiy< developed by the American authority. Dr. W. K. Gregory, in 
a series of outstandmg monographs on the dentition of the primates. 
Qxegoxy has reoognis^ a distinotive pattern of cusps in the lower 

which he calls the '* Dr^jpifhmia pattern,” 
aridfrpm which he believes the cusp pattern oharaoteristio of human 
moiars bas been derived. In the “ DryopithemB pattern” the 
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hypooonid has a wide contact with the metaoonid, so that the sulci 
separating all the cusps are arranged to form a somewhat complicated 
doubk-Y pattern. In the evolution of the human molars, the 
progressive enlargement of the entooonid has gradually obliterated 
the contact between the hypooonid and metaoonid to produce a 
simple cruciform pattern of sulci. But with the accession during 
recent years of more fossil ape material the question arises whether 
the term “ Dryopithecm pattern ” has not become somewhat mis- 
leading, for the same pattern is also found in other extinct gextera 
such as Sivapithecus, Bamapithecue, Proconsul and XenopUkeeus. 
Indeed, it now seems that this particular pattern may have been 
characteristic of all the primitive Hominoidea, and it can no longer 
be argued, therefore, that the human type of molar has any closer 
morphological afiinities with that of Dryopithecus rather than with 
any other of the extinct and more generalised hominoids. The fact 
is that, although the dentition of the Dryopithecinss shows certain 
generalised features, it had already developed some of the speoialised 
characters which are distinctive of the modem Pongidte. For 
example, it shows the parallel arrangement of the premolar-molar 
series ending anteriorly at an enlarged and tusk-like canine, and the 
first lower premolar tooth is modified to some extent as in modem 
apes.* In so far as these are specialisations which have apparently 
been avoided in the Hominidss, it seems probable that the latter 
must have been derived from a group of early hominoids which were 
more generalized than the gmus Dryopithecus. 

It will be clear that the line of reasoning which we have so 
followed can only lead to the establishment of probaHlUies. The 
evidence of pure comparative anatomy and embryology in its relation 
to evolutionary problems is, of course, only indirect, and it can do 
no more thwi give us a l^pothetical picture of the sequence of 
evmts which seems most likely to have occurred in emy particular 
line of evolution. Such conjectures can only be confirmed (or may 
perhaps be rejected) by the concrete and direct evidmoe provided 
by paheontological data. It is in this connection, indeed, that the 
fossil remains of the AustralopitheclnsB are of paramount importance 
for the consideration of human phylogenesis. As we shall see, they 
do tend in a rather remarkable way to favour the tentative con- 
clusions, slnMuiy outlined on the basis of the indirect evidence, that 
the line human evolution probably did xiot pass through a phase 

* This seems to have hem the ease even in the Siwalikspeoies BamaptikKius 
brwirostru, Which, in certain respects, is said to show some tviioarlmldb haiiiM 
ohaiwitera in the dkpositicm of its dental arcade ((hvgoi^, ScIhrSn and 
JLewis, 1988). 
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marked by adaptations to braohiating habits and by the dental 
specialisations found in the modem large apes. 

Thb Anatomy of thb AtrsTBALOPmiEcaNJii • 

It is unnecessary in this oommunioation to give a systematic 
description of the anatomy of the Australopithecinss, for this has 
already been done in numerous papers by Dart and Broom (for 
references see the extensive bibliography at the end of the recent 
monograph by Broom and Schepers, 1946). A detailed report of 
the personal observations made by the present writer is also in 
course of publication. However, the essential features presented 
by the fossil material can be quite briefly enumerated. 

The brains of these extinct hominoids were comparable in size 
with those of the modem large anthropoid apes. That of the 
immature Auatralopiihecua is estimated to have been about 600 c.c. 
(probably increasing to almost 600 c.c. in the adult male), and that 
of the young adult PhsiarUhropus type specimen about 460 c.c. 
In so far as it is possible to conjecture the body size by reference to 
the limb bone fragments, it may be inferred that the size of the 
brain in relation to the body weight was probably rather larger 
than in the chimpanzee or gorilla, but it definitely falls within the 
simian range. On the other hand, the jaws were massive. Thus 
in its general proportions, the Australopitheoine skull has a super- 
ficial appearance not unlike that of a chimpanzee, but in the details 
of its construction it actually presents many difierences which are 
most conveniently tabulated as follows : 

(1) The muscular ridges which are commonly so conspicuous in 
the modem large apes are much less strongly developed. This 
applira particularly to the temporal ridges, of wUoh there is no sign 
in the type Plesianthropua skull for a distance of at least 33 mm. 
firom the mid-line (although the third molar teeth had already 
erupted). A comparative study of the skulls of chimpanzees and 
gorillas shows that at this stage of maturity the temporal ridges of 
either side have either fused or they are quite close to the mid-line. 
The supraoccipital portion of the type PUeianthropue skull also 
makes it dear that powerful nuchal crests were lacking in this region. 

(2) The tjpe PkaianUhropiu skull shows dearly that the upper 
part of the coronal suture and the anterior half of the sagittal suture 
•wett still com|fietdy patent. In the recent apes, the sutures of dte 
etanid vatilt close very early, commencing at the time of the erup- 

*Fcr Ulustitations of the Australopitheoine fossil material, the reader is 
isfiBRed to the monogtad> by Broom and Bohepers (1046), rod to a paper 
by the pMsent wri tdiidi win shortly appear in the Joumat nf Anatamg. 
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Fig 1. — ^Above (a) U shown a drawing of a taniaiive rckkmskuoitoii bfa 
adnli) skull ^i JPkB^atUktcg^ based pcimaiiiy on the type speoiinen of tm AisMSilO* 
pitheoina genus. It oon^ponda olosoly with a similar reconstruotion by I>r« Bvom^ 
exo^^pt for eilight modidoations in tne supra-orbital and oooipitsu raglons^, Suie 
oontour of the supra^orbitel region is based on a oonsideration of lelatuMM 
Of the endooranial oast to the glabelM and the base of the ttot of ttie 

oOeifiitei on the ehdckeeiual east the portion of tlie 
whieh has mm proserwad. A eosnpaiiion with the dvaiwiiig Of 1 
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tbn of the second molar tooth (Krogman, 1930)^ The still patent 
sutures in PUMon^ropua suggest a more prolonged growth period 
in the Australopithecinse than is found in the modem large apes. 

(3) The Austmlopiffiecua skuU has a true spheno-parietal oontaot 
which is but rarely found in the African anthropoid apes of to-day. 
(Neither in Pkaianthropus nor in Paranthropiu can the sutural 
pattern in the region of the pterion be deciphered in the material 
available at the time of writing.) 

(4) The relation of the frontal pole of the brain to the glabella 
and nasion resembles the human rather than the simian condition. 
The details of the supra-orbital region of the skull of AuatnUopithecua 
are quite unlike those of the recent large apes (at any stage of 
growth), and bear a remarkable resemblance to those of Homo. 
There is no sign in this immature skull of an incipient supra-orbital 
torus such as is found at the same relative stage of development 
in those anthropoid apes which have a strong torus in the adult 
skull. 

(5) The contour and orientation of the zygomatic bone show 
detailed resemblances to Homo, and the lack of a simian torus 
zygomaticus on the temporal surface of the bone also seems very 
significant. 

(6) The contour of the maxilla shows certain resemblances to 
that of Man, and the infra-orbital foramen in all three Australo- 
pitheoine genera appears to be single (and not multiple as in recent 
apes).* 

(7) The “ hoUowed-out ” character of the glenoid fossa, bounded 

* Beferenoe should perhaps be made to the question of the facial portion 
of the premaxilla, for the groundless assumption has been made that the 
suppression of this portion in the human skull must be a character of great 
phj^ 3netio antiquky . However, there is no valid evidence in suppoit of 
ita auppooed antiquity and there is no reason to suppoi^ that ita disiqipeaianoe 
tnay not have bew relatively reoent (in the geological sense). Actually, the 
preiient writer was unable to detect with certainty the £aoial ,part of the 
premaxillary suture in the Phmcmthroptui maxillae which he examined, and 
the poai^le traces of its upper part in the AuatralopUlkeoue skull also seem 
to be ^the^ dubious. But even if the facial portion of the premaxUla were 
fUesent mriee-up of the Australopitheoine skull, this cannot be ua^ 

ehhispsmNi (t) shows some of the outstanding features in which the Australo- 
ptheoiiie idttdl makes a closer approach to the Hominidis. l*hese include a leas* 
{tthnbutio^ developmmt of the supra-orbital ridges, a higher position of the 
mgosimtie aieh re^^ to the floor of the oibit, a less eidmsive develops 

and the nuchal orest, lesi-pronoimoed alveolar prognathic 
ik^ar ms^ and canine teeth, and a relative more Ibrward portion of the 
kaittsiil atiu^ meatus and the oo<^pital condyles. Note, also, that the bndn 
siW hi sat hl^er Ih itdation to the upper part of the face than in the Chimpansee. 
llhth the skSSi are shown at two*flfm their natural sise. 
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anteriorly by a transversely disposed articular eminence, approxi- 
mates to the human ocmdition. The post-glenoid process, which is 
so powerfully developed in modem apes, is represented in Paran- 
{kropuB by quite a small tubercle of remarkably human appearance, 
and the tympanic bone is well exposed below the process and 
presents a flattened anterior surface which forms throughout the 
whole of its extent (as in Man) the posterior wall of the glenoid fossa. 

(8) The mandible (as known from that of Paranthropus) is 
massive, but the contour of its body is human rather than simian. 
Indeed, the horizontal curve of the outer surface of the body 
(approximately mid-way between the alveolar and lower borders) 
coincides to a remarkable degree with that of the Heidelberg 
mandible. 

(&) The foramen magnum is situated relatively further forwards 
on the base of the skull than in tlie modem large apes. This state- 
ment is based on objective evidence from the skull material of all 
three Australopithecine genera, and the evidence is consistent. It 
is further conflimed by the forward slope of the terminal part of the 
sigmoid sinus as shown on the endocranial oasts. This forward slope 
is conditioned by the forward displacement of the jugular foramen 
which, again, is related to the position of the foramen magnum: 

The Teeth of the Avstralopithecinte. — ^The dentition of the 
Australopitheoinffi is so remarkably human in most of its oharaotors 
that there can be little doubt that, if the teeth alone had been 
discovered, they would have been referred to the Hominidse. They 
have been studied in great detail by a number of experienced 
authorities, and the conclusion of the latter may be briefly sum- 
marised. Dart (19.34) concluded that there is no really significant 
feature in the dentition of AustrahpithecuB that can be termed 
simian. Broom (Broom and Schepers, 1946) sums up his compre- 
henrive survey of all the (then) available Australopithecine teeth by 
saying that " the dentition of both the milk and the permanent sets 
agrees remarkably closely with the dentition of Man, and only differs 
in retsining a few more primitive obaraoters and in being a little 
laigor in most eases.” Gregory (1930), in a comparative study of 
the teeth of Auttrotlop%them$, drew up a list of resemblanoes to or 
differences from other hominoids ; out of 26 characters he found 

as a serious argument against possible affinities with the progenitors of the 
Hominida. The remarkable suggestion that the suppression of the fSaoial 
part of the premaxiUa in the human skull preoludes the idea of any dose 
reladonship between Han and the modem anthropoid apes ndght be paraUeisd 
by a similu infbrenoe that the sui^ression of dements in the tail predudm ' 
ai^ possibility of a dose rriatimuhip between iaanx oats and oatk 
ordinary tails t 



THB FOSSIL AnSTBALOFITHBOIKJi: 380 

that in 20 the teeth are trcuudtional to, or nearer to, primitiye Man, 
while in only three characters are they nearer to the ofaimpanzee 
or gorilla. In a subsequent intensire study of all the Australo- 
pitheoine teeth then available, Gregory and Heilman (1939) were led 
to agree with Broom that “ in South Africa there once lived apes 
which had almost become men.” Abel (1931) argued that there were 
some indications of specialisation in the dentition of AiiatralopithecuBt 
but he recognised the remarkable hominid features, such as the 
fact that little difference is to be found between the first milk molar 
and that of Man. Adloif (1932) concluded from his comparative 
studies that the teeth of AuatralopithecVfS should by definition be 
regarded as human teeth. Sen 3 riirek (1941) gave as his opinion that 
the teeth of the Australopitheoinae are nearer to the primitive 
hominids than to tlm apes, an opinion which had previously been 
also expressed by Montandon (1939). The present writer, from his 
personal studies of the original fossil material, can afKrm the 
astonishingly human characteristics of the- Australopithecine 
dentition, emphasising particularly the parabolic contour of the 
dental arcade, the disposition and relatively small size of the per- 
manent canine teeth, the human appearance of the premolar teeth 
(particularly the anterior lower premolars as seen in Paranthropus), 
the type of wear shown in all the premolar and molar teeth, the 
diminutive size of the milk canine (particularly in the immature 
ParatUhropw jaw discovered by Dr. Broom only a few feet from 
the spot where the adult skull was found at Kromdraai), and the 
hunuui appearance of the first milk molars. Another point to which 
attention may be drawn is the degree of attrition with exposure of 
the dentine, shown in the milk molars of Auatraiopifhecus, in spite 
of the fact that the first permanent molars had not completed their 
eruption. This perhaps suggests that the interval between the 
ert^ption of the milk molars and the first permanent molar may have 
.been as prolonged as it is in Man. i^ain, the degree of differencial 
attrition in the three lower molars of the adult Paranfftrcpiis jaw 
ii very sfrildng. In this specimen the last molar had only recently 
oeme into position,, for it is practically unworn. Yet the first molar 
is already planed down to an approximately fiat surface with 
exposure of the dentine, while in the second molar the minor suld 
and orenations have disappeared and the main cusps are worn 
smoetliv Suidi a degree of differential attrition is rarely if ever 
found in the anthropoid apes at a corresponding stage (ff growth. 
But it is not unoommon in Man (particularly in primitive races 
fiving on a eoarse diet) and is presumably here related to the mmfo 
kmger interval between the eruptions of the molar teeth in the 
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human dentition. The degree of attrition of the upper premolar 
teeth in the PleHcmihropua type specimen, x^Sative to that of the 
second upper molar tooth, is also instructive, suggesting that the 
former must have erupted some time befo^ the latter as in Man, 
and not subsequently as in the anthropoid apes. Thus, this evidence 
of attrition, though not conclusive, does lead to the inference that 
in the sequence of the appearance of the permanent teeth, as nnril 
as in the length of the intervals between thmr eruption, the 
Austanlopithecuue probably resembled Man and not the recent 
large apes. 

The Limb Bones of the Arutralopitheeinse. — ^The limb bone material 
discovered by Dr. Broom at Kromdraai and Sterkfontein and 
ascribed by Mm to Paranihroptis and Pleaiamthropua is of unusutd 
interest, mainly because of the hominid features which it presents. 
Indeed, the combination of limb bones so human in many of their 
anatomical details with a brain development scarcely exceeding that 
of the gorilla or chimpanzee (so far as this can be determined from 
endooranial casts) must inevitably raise the question whether the 
limb bones are correctly to be associated with the fossil remains 
of the skulls. However, thmre seems to be no reeusonable doubt that 
it is legitimate to do so. Within one foot of the type skull of Ponin- 
thropvs and embedded in the same bone breccia were found the lower 
end of a right humerus, the upper end of a right ulna and a rij^ 
talus (astragalus). The humeral and ulnar fragments artibulate in 
close conformity with each other, and thus almost certainly represent 
the component parts of the right elbow joint of the same individual. 
At Stmrkfontrin a right capitate bone and the lower end of a lelb 
femur have been so far discovered. These were not found in direct 
association with the remains of the skuU and teeth of PksianAropns, 
but they were dmved from the limestone matrix at the site where 
tile remains of not less than eight separate skulls of PUakmlOwofm 
have been discovered. All these bones are identifiable as those of . 
large hominoids, and no otiier remains of any large homhimd 'have 
bom found at the sites apart from the skulls of PomufifoptH and 
PkskmthMpm. Also, no other renutins of limb bones have been 
disoevesed at either site which ocmld possibly be attributed to tbeae; 
two genera. Lastly, in spite of an extensive search through great 
quantities of breccia, during whitii many tiralls, teeth and litttb 
^nes of lower mammals have been found, no trace has been seen 

human ticuUs and teeth, nor any signs of human habifcatinn,; 
The intiinsio evidmoe of the Ihnb ItoimB themetives ]»ovidis tiwf 
final justifieation for timfr annoiation with PanHtiftmpin 
PiBSMhtiiifnfwe, for som oS them show a zennuladile oombinai^^ 
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of Bimian and human features which is obviously in harmony with 
the similar sort of combination shown by the skull, teeth and brain 
of the Australointheoinn.* The main points about this limb bone 
material are as follows : 

(1) The humerus and ulna fragments of PamnfAropus'laok the 
powerful muscular ridges found in the brachiating apes, and appear 
to be quite jolosely similar to those of Homo mpiens. A powdble 
exception is the relative position of the trochlea. In the human 
(and more so in the simian) humerus, the trochlea is set well forward 
in relation to the shaft and to the medial epicondyle. In Paran- 
thropiis the transverse central axis of the trochlea lies approximately 
within the line of the long axis of the lower end of the shaft of the 
humerus. The significance of this unusual alignment is not clear. 

(2) The talus of Paranthropus is a very smaU bone. Its superior 
articular facet resembles that of Man in being relatively broad and 
also in its even curvature from side to side. The lateral fibnlar 
facet is lees strongly curved and less extensive than in recent anthro- 
poid apes. The medial tibial facet is quite similar in contour and 
extent to that of Man and its articular surface is approximately 
vertical. In the gorilla and chimpanzee this surface slopes medially 
to a marked extent and in the chimpanzee it is exoavat^ anteriorly 
to form a cup-shaped socket. While the main body of the talus 
is thus human rather than simian in its morphological features, the 

head ” of the bone is remarkable for the wide extent of its articular 
suifrme in relation to the size of the bone as a whole. Medially 
l^e navicular surface projects to a distance of 8 mm. beyond the 
level of the plane of the me^al tibial articular facet, t.e. considerably 
^frther relatively than in a modem human talus. It is suggested 
fl^t, whereas the body of the talus is constructed for stability in 
wri^g^ bearihg in a standing position, the broad curvature c€ the 
head of ihe bone is related to a greater mobiliiy of the fore part of 
the foot than is possible in Man, presumably allowing for the trass- 
ferettde bf a major component of the body weight directly ferwards 
aS in Man, but idso providing for its ddGleotion medially to an extent 
wld(fe is found in the modem anthropoid apes with their diveigmit 
gifoiit tdes. It may have been, therefore, that in PararUhroptu the 

* other point nmy be mmdoned in this conneo^^ The jrenerctf 
atoto proportions of the brain and skull might lead to the expectation that 
1^&!b bmei wmild riiow all those idmian oharaoteristios whioh are dareotly 
SaliiM ro>an arboreal life aim braohiMixc habits. But the dimatclogtoai 
huhaafeiB alracirt oertainly that the Au8t*aJiopitil^iK^» lived not in a 
' ll^ tW modern anthropoid apes, but in rather arid 

o ^ v ^ weU adapted for 
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hallux was capable of some degree of dirergenoe which would allow 
of its use for grasping purposes. 

(3) The capitate bone of Pleaianthropua is also a very small bone. 
It is human in its general proportions, in the contour of its articular 
facet for the third metacarpal bone, and in the position and orienta- 
tion of the facet for the second metacarpal, but simian in the fact 
that a considerable part of the lateral aspect of the bone^is t^en up 
by a ligamentous surface hollowed out to form a marked concavity, 
and by the development of a pronounced tubercle (presumably sdso 
for the attachment of ligaments) at the distal end of the pidmar 
aspect. It may perha^is be inferred that in Plesiav^rojnn the 
movements between the capitate and adjacent bones were not so 
free as in modem Man and that the hand was to that extent less 
plastic. 

(4) The lower end of the femur of Pleaianthropua, if considered 
entirely isolated from the circumstances of its discovery, would 
probably be referred by most anatomists to Homo aapiena. It is 
a very small bone (and thus harmonizes with all the other limb bones 
also a.8cribed to the Australopithecinss), but relatively robust. The 
obliquity of the shaft (».e. the angle between the axis of the shaft 
and the vertical axis in the standing position) contrasts strongly 
with that of the femur of modem large apes, and comes well within 
the human range. The patellar surface, also, is not broad and 
shallow as in the apes ; it is relatively deeper, and laterally slopes 
rather abrapUy into a prominent lip as in Man. The shape, dis- 
position and proportionate sizes of the condyles, again, appear tO 
be typically human. However, the intercondylar notch is prolonged 
forwards to an imusual extent, in association with an exaggerated 
impression rdAted to the anterior craciate ligament, and it has not 
beau possible, so far, to match this curious feature in modem human 
races. The important inference to be drawn from a comparative 
study of the femur is that its owner must have been capable of 
standing and walking in the erect position somewlmt as modem 
Man does. It is interesting to note that this is in oonfcmnity with 
tim position and orientation of the foramen magnum in the base 
of the skull, and, indeed, had already been anticipated by Dart 
from a consideration of these features. 

Ths RBLaraoNSHip or thb AtrsTBALonxHBoiKA TO TSOB HomNn) a 

If the limb bones discovered at Sterkfrmtein and KrooidxaMl 
belong to PleaiatUkropua and Paranthropua (and reasons have been 
adduced above for accepting this association as vi^d), ^ are ^ a 
position to oonstmot provisionally a fairly complete picture of ^ 
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Auairalopithecinse by reference to their fossil remains (now by no 
means inconsiderable in quantity). They were hominoids of small 
stature (probably similar in tMs respect to the pygmy races of 
present-day mankind), with brains not much larger relatively than 
tfiose of the gorilla and chimpanzee, massive Jaws showing many 
human features, a dentition fundamentally of human type (except 
for the large size of the permanent molars and premolars) and lacking 
the tusk-like canines and the large incisors of the modern anthropoid 
apes, and limbs approximating in their structure and proportions 
to those of the Hominidse. They were evidently capable of standing 
and walking with an almost erect posture, and the hands and feet 
were relatively small and delicately buUt. Now it can hardly be 
doubted that, by the usual morphological criteria, this extinct sub- 
fomily, with its many remarkable human characters, must be 
assigned to a zoological position much closer to the Hominidse than 
are the modem large apes. This, at least, is the firm conclusion 
which has been unanimously reached by all those palseontologists 
who have so far made a detailed comparative study of the Australo- 
pitheoine material. But, from the point of view of our present 
discussion, the importance of the Australopithecinse lies in the fact 
that they represent a level of evolutionary development (so far as 
the size of the brain is concerned) which corresponds with that of 
the modern large apes, without at the same time showing the charac- 
teristic specialisations of the latter in the skuUs, dentition and limbs. 
Thus there seems no longer to be any good reason for postulating an 
anthropoid ape phase immediately preceding the hominid phase of 
human evolution, in which such specialisations were manifested, and 
the evidence becomes stronger for the inference that the line of evolu- 
tion leading to Man probably diverged from that leading to the 
modem large apes before these speciaUsations were developed at all. 
The other important point which is made clear by these South African 
fossils is that large hominoids once existed in which brains of simian 
proportions were combined with limbs which had already reached 
an evolutionary stage approximating to that of Man. This suggests 
strongly that the point of divergence of the human line of evolu- 
tionary development must be assigned to a geological date consider- 
ably earlier than many paltsontologists have hitherto been prepared 
to accept. The question now arises whether the Australopitheoine 
fossils so far disOovered are likely to bear any direct or indirect 
ancestral relationship to Homo. A careful analysis of all the purdiy 
morphological data brings to light no serious grounds for precluding 
Ba(di a possibUity. Indeed, it is possible to go further and affirm 
Uiat the morphological oharactws of the Australopithecinas conform 
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quite closely to theoretical postulates for an mtOTmediate stage of 
human evoluti<m, which had been based on the indirect evidence 
of comparative anatomy. But the place occupied by the Austra- 
lopitheoinse in human phylogenesis will be precisely determined only 
when more adequate palieontologioal and geological data are 
available. According to Broom’s tentative estimate (1946), the 
Sterkfontein deposits are of upper Pliocene date (or earlier) end the 
Taungs deposits may even he attributed to the middle Plioowe. 
If it should be established, as the results of further systematic 
excavations, that the Australopithecine fossil material is no older 
than the early Pleistocene or late Pliocene, it must probably be 
assumed that, at the most, these extinct hominoids represent the 
little modified survivors of the ancestral stock from which, at a 
still earUer date, the line of human evolution originated. 

Future research is certain to provide the data on the basis of 
which the systematic position of the Australopithecine fossils wiU 
be finally established. With all the information already available, 
however, it seems quite clear that they represent one of the most 
outstanding discoveries in the field of human palteontology, and 
there can be no doubt that they are of fundamental importance 
for the consideration of problems of human evolution. 

ADDENDUM 

Since this paper was written, some details of Dr, Broom’s new 
discoveries have come to hand. The most important of these dis- 
coveries is the almost complete skull of an old individual {JPUatan- 
tkropus) from Sterkfontein (see Nature, May 17, 1947). Among the 
outstanding characters of this skull are the contour of the bmn- 
case (particularly in the frontal and occipital regions) and its orien- 
tation in relation to the facial skeleton. In these respects the new 
skull reproduces and confirms the features represented in the 
reconstruction of the young adult Plesiantkropua skull (see Fig. 1 (o) 
in thw paper). Other noteworthy features clearly demonstrated by 
the new skull are the position of the foramen magnum and tke 
degree of flexion of the basi-oranial axis at the prosphenion. 
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RTOT-OOTCAL METHYLATION 


By FREDERICK CHALLENGER, D.So., Ph.D., F.R.I.C. 


Pro/eg$€T of Organic ChemUtry in the Univereity of Leeds 


The importance of the methyl group in organic and biochemistry 
is apparent even from a very superficial consideration of some of 
the commonest natural products. Thus, triraethylamine occurs in 
the blossom of the common hawthorn, Craieegua oxyacarUha, and 
also in herring-brine, where it probably arises by bacterial reduction 
of trimethylamine oxide, which is an ingredient of the tissues of 
many fish and of crab and lobster muscle [1]. The corresponding 
quaternary ammonium base, tetramethylammonium hydroxide 
(.CH3)4N.0H, is elaborated by the sea-anemone. Actinia cqui-m [ 2 j. 
Owing to the well-known “ curare effect ” of this base, and of similar 
quatemaiy compounds, it has been suggested that the anemone may 
employ it in order to paralyse the smaller marine organisms on which 


it feeds. 


The presence of choline (OH*) 


N 


.CH,OH,OH in plant 


and animal tissues is well-known. Recently a related compound 

4 * — 

betaine (CH,)3N.OH,.CO.O has been found in numerous marine 
animals [ 3 ]. Prior to this discovery its main interest had lain in 
its occurrence in sugar-beet. 

Creatine NH,.C:(NH).N(OH,)CH,COOH found hi the muscles of 
animals has received much attention from biochemists from many 
points of view, and especially as regards its relation to methionine 
OH3.S.CH,CH,CH(NH,)COOH. This amino-acid, isolated nfipom 
protein by Mueller [ 4 ] and S3mthesised by Barger and Coyne [6], is 
steadily acquiring more and more importance. Its conversion to 
cystine in the body has recently been elucidated during the course 
of some brilliant work in America [6, 7 ]. Methionine is doubtless 
the precursor of the methylsulphone isothiocyanate oheirolin 
CH3Sb3CH,CH,CH,N:C:S which occurs in the wall-flower [6, 8], 
The occurrence of ^NCH, groups in numerous alkaloids is well- 

known. In addition to these compounds, in which the methyl 
group is attached to nitrogen or sulphur, numerous natural products, 
such as vanillin, eugenol and anethole, contain methoxy groups. 


Allied to these are piperine and safrole containing the GH 


<§= 


grouping which may have the same origin as — OCH3. Finally the 
terpenes, polyterpenes and sterols contain methyl groups linked to 

896 
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carbon, including the interesting case of certain sterol derivatives, 
in which the attachment is “ angular.” In all the compounds 
mentioned the origin of the methyl group is of particular interest, 
and this question has given rise to much discussion and experimental 
work in recent years. In the case of C — 0H| groupings the 
immediate origin may sometimes be different from that of N — CH( 
or S — CH3. 

The phenomena of biological methylation and the theories 
relating to its mechanism may best be presented by considering 
the historical development of two lines of investigation which have 
been pursued simultaneously and independently at the University 
of Leeds and at Cornell University in America. The first has dealt 
entirely with methylation processes in moulds, the second in animals. 

A description of the work at Leeds, which began in 1931, may 
be prefaced by a brief acooimt of some experiments carried out in 
Italy forty years earlier. 

In 1891 B. Gosio [9] exposed a potato-mash, containing arsenious 
oxide, to the air. It quickly became infected with moulds and 
bacteria and evolved a garlic odour. Some of these organisms he 
isolated in pure culture. The bacteria produced no volatile odorous 
compound under these conditions, but some of the moulds were 
intensely active, especially one which Gosio named PenieiUium 
brevicatde — the modem nomenclature is Scopuktriopsia brevicaidia. 
Other organisms which exhibited this phenomenon were Aspergillua 
gUmcm, A. virena and Mucor Mucedo. C. Thom and K. B, Baper 
[10] extended this list to include A. fiacheri, A. aydom and a few soil 
organisms. The author finds that a strain of A . veraicohr should {dso 
be added to this list. 

B. Gosio [0] then devised a method for the detection of traces 
of arsenic in various materials. An evaporated aqueous extract 
was added to a slice of sterile potato previously inoculated with 
S. brevicaulie. After a few hours at about 25-30° inorganic arsenic 
could be detected by the production of a garlic odour. Smith and 
Oameron [11] state that one-miUionth of a gram of arsenious oxide 
in one gram of material can thus be recognised. The method is 
more . sensitive than the Marsh test, but is not adaptable for 
quantitative work. 

By passing the gas from arsenical cultures of S. brevicavlia 
through a hot tube, Gosio concluded that the gas contained an 
alkylarsine. P. Biginelli [12] aspirated “ Gosio-gas ” through 
mercuric chloride in dilute hydrochloric acid. The resulting 
precipitate was assigned the composition (CaH()tA8H.2HgC3| and 
BjgiwelH concluded that the gas was diethylarsine. Klason [13] 
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regarded it ae diethylanrine oxide. Wigre® [14] showed that the 
behavioxir of these compounds towards acid merourio chloride 
(Biginelli’s solution) was different from that of (Josio-gas. 

Owing to the uncertainty regarding the nature of Gosio gas, 
work was commenced by Challenger in 1931. Four strains of 
Scopulariopsis brevicaidia were employed. 

Sterile aqueous solutions of various arsenic compounds were 
added to bread cultures of 8. brevicatdia arranged in series. Sterile 
air was passed through and the volatile arsenic compound absorbed 
in Biginelli’s solution. Using arsenious oxide (0-2-0-26* per cent, 
in the bread) two different deposits were obtained according to 
the concentration of -the mercuric chloride, consisting of the 
dimercuriohtoride and monomercurichloride of trimethylarsine, 
(CH8),As.2HgCl, and (CH,),A8.HgCl|. Gosio-gas is therefore 
trimethylarsine [16]. Direct comparison with an authentic speci- 
men confirmed this conclusion. With sodium methylarsonate 
0HaA8O(ONa), (1-1-5 per cent in the bread) or sodium caoodylate 
(CHa)8A80.0Na (0- 1-0*3 per cent, in bread) (free from inorganic 
arsenic) the evolved gas gave the same mercurichloride. 

The identity of Gosio-gas was then confirmed by several observa- 
tions : 

By absorption in nitric acid trimethylhydroxyarsoniumnitrate 
(CHa)8A8.{OH).NOa and the corresponding piorate were prepared, 
identical with those obtained from the B 3 mthetio arsine. 

Gosio-gas, with alcoholic benzyl chloride, gave a quaternary 
salt which with aqueous sodium piorate gave trimethylbenzylar- 
aonium picrate (OH,)-8A8.CH,CeH,.OC,B[a(NOa)8- 

The identification of Gosio-gas solved a problem which had 
interested chemists since the early days of the nineteenth century — 
the origin of the toxic effects which were observed in houses decorated 
with wall-paper containing arsenical pigments. The wall-paper 
in such rooms was usually damp and mouldy and a garlic odour was 
]^wsent. In one test case it was possible to exclude arsenical dost 
as the cause. Early suggestions that the toxic product was arsine, 
AsHa, have received no confirmation. Andne is oertmnly absent 
firom the gas evolved by 8. brevicaaUie in pure cultures containing 
inorganic arsenic. 

Summaries of the literature on the subject, whioh is very 
extensive, have been published by Abel and Buttenberg [16], Hubs 
[17], and Maassen [18]. Later reviews dealing with biological 
methylation in its wider aspects have been compiled l>y the 
author [19]. 

These oases of arsenical poisoning have occurred at interirsil 
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over the last century. As recently as 1931, before the identification 
of Gk>sio-gas, the deaths of two children in the Forest of Dean were 
reported. The parents and two other children were also affected. 
The death of one of the children was shown to be due to arsenical 
poisoning. The house was damp and ill-ventilated. Here it was 
shown that the arsenic arose from the coke-breeze in the wall- 
plaster. The outer wall was very damp, and the wall-paper, 
originally almost free from arsenic, became contaminated through 
infiltration while infected with moulds. Full details of the ease are 
available (20). 

Alkylaksonic Acids and 8. bbbvicaolis 

It seemed possible that in the experiments with sodium methyl- 
arsonate and cacodylate, the mould might have caused fission of 
the arsenic-carbon link, giving inorganic arsenic, or that the 
trimethylarsine might have arisen by reduction followed by 
dismutation thus ; 

CH^AsOiOH), -► CH,Ab(OH), -► GHjAsO 
3CH,AsO = (CH»),Aa -f Ab, 0, and 
(CH,),A80.0H -> (CH,),A80H, 3 (CH,),Ab.OH 2A8(CH,), + A8(0H) 

A decision on this point was quickly reaiched, however. With sodium 
ethylarsonate in bread cultures of the mould dimethylethylarsine 
(CHt)|ABC|H( WM evolved and identified as the mercurichloride, 
thus eliminating both these possibilities. Absorption in benzyl 
chloride jdelded ethyldimethylbenzylarsonium chloride, and in nitric 
acid bthyldimethylhydroxyarsonium nitrate, which were charac- 
terised as the picrates. This reaction was then studied further [21]. 
Addition of (a) diethylarsonic acid (C,H,)^O.OH, (6) n-pro- 
pylcnsonio add and (o) allylarsonic acid CHj:CH.CH»AsO(OH)„ to 
similar cultures of the same strain of the mould in concentrations 
varying from 0-2 to 0’6 per cent, gave mixed methylated arsines. 

From (a) methyldiethylardne was obtained and from (6) 
dimothyl-n-propylarsine. This arsine was sdso obtained with 
methyl*a-piopylarsonic acid and 8. brevicauUa, It was identified as 
the dimercuriohloride and as dimethyl-n-propylhydroxyarsonium 
picrate. Ethyl-n-propylarsonio acid gave methylethyl-»-propyI- 
arsine and (c) gave dimethyallylarsine (CH,)(As.CH,CH:CHg 
characterised as the dimerourichloride and as benzyldimethylaUylar- 
sonitim picrate. These compounds were identical mth authentic 
Bpeoimefns. 

work by the Leeds school has shown that a few moulds 
mbh as AtpergiUm niger, Penicilliwn notatum md PeniciUiwn 
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ckryaogmum, while incapable of producing triinethylarsine from 
inorganic arsenic, will readily convert alkylarsonio acids BAsOsHg 
and B.B'AsO.OH to alkylmethylarsines B As(OHs), and BB'AsCHt. 
Further instances of the methylating powers of these organisms will 
be discussed later. 

The moulds which have been shown to possess this methylating 
action must not be confused with certain organisms which are 
“ arsenic tolerant ” but are unable to produce methyl-derivatives 
of arsenic. Moulds have been found growing in solutions of 
potassium arsenite containing only the barest traces of organic 
matter. The literature has been summarised by the author [22]. 

Mbthylation of Inoeganic Compounds op Othbb 
Elements 

0. Bosenheim [23] showed that, when S. brevicavdia was grown 
upon sterile bread containing inorganic compounds of selenium and 
tellurium, unpleasant odours were evolved. The substances re- 
sponsible were not identified. A. Maassen [24], judging entirely 
from odour, stated that the volatile products were diethyl selenide 
and diethyl telluride. He also examined the breath of animals 
injected with inorganic selenites and tellurites, and believed that 
here the odour was due to dimethyl selenide and dimethyl telluride. 
Maassen concluded, therefore, that the animal body deals differently 
with compounds of selenium and tellurium than does the organism 
of the mould. 

Mbthylation op Inoboanio Compounds op Selenium 

The gas evolved from Bosenheim’s cultures containing selenium 
compounds was identified by F. Challenger and H. E. North [26]. 
The volatile products from several cultures of two different strains 
of S. brevicaulia on bread containing sodium selenate or selenite 
were aspirated through absorbents and characterised as dimethyl 
selenide mercurichloride and mercuribromide (CH}))Se,HgX|, 
dimethylhydroxyselenonium nitrate (CH,),Se(OH)NO„ diethyl 
selenide «-platinoohloride, and dimethylbenzylaelenonium chloride 
(CHj)|Se(CH,C,H,)C3, isolated as the picrate. 

Mbthylation op Inoboanio Compounds op Tellubium 

The odour -exhaled by animals receiving inorganic derivatives 
of tellurium was first observed in 1824. Later on A. Hansen [26], 
on administration of potassium tellurite to dogs or men, detested 
a garHo odour in the breath after a few minutes. This lafted Jmr 



BIOLOGICAL METHYLATION 


401 

weeks and the persons In question were obliged to forsake the 
society of their fellows. Daring a recent investigation of inorganic 
derivatives of tellurium in Leeds, the odour could easily be detected 
in the vicinity of those engaged in the work, although they had 
never come into contact with organic compounds of tellurium. See 
also W. Bl3^h [27], who mentions the phenomenon of “ bismuth 
breath ”, formerly well known to pharmacists and due to the 
presence of traces of tellurium in medicinal preparations of bismuth. 
Further details are given by G. Brownen [28], E. A. Letts [29], and 
A. R^ssert [30]. In no case was the odorous substance satisfactorily 
identified, though the presence of hydrogen selenide or telluride 
was suggested. 

(Miss) M. L. Bird and F. Challenger [31] aspirated the gaises 
evolved from test-tube cultures of 8. brevieatdis on bread containing 
potassium tellurite through only 6 c.c. of reagent in order to diminish 
oxidation of the volatile product. Dimethyl telluride merouri- 
ohloride was obtained and converted to dimethyl telluride dibromide. 
Absorption in alcoholic iodine gave dimethyl telluride di-iodide. 

The mould gas is, therefore, dimethyl telluride, and Maassen’s 
statement that it consists of the diethyl compound is incorrect. 
This conclusion was also confirmed with liquid cultures on 2 per 'cent. 
glucose-Czapek-Dox medium. 

On the other hand, no rigid proof exists that the odour resembling 
an alkyl telluride, which is exhaled by men and animals in receipt 
of tellurite, is actually dimethyl telluride. Neither here, nor in the 
case of the analogous selenium odour, have sufficiently careful 
animal exi)erimente been carried out. Bearing in mind, however, 
several well-established instances of biological methylation effected 
by animals, no reasonable doubt can remain. These oases, which 
have long been known, may now be summarised. Pyridine (i) and 
quinoline (m) are readily converted by dogs and other animak to 
the corresponding methylpyridinium (n) and" methylquinolinium 
hydroxides (rv). [32, 33, 34]. 



- OH - OH 

(I) (H) (IH) (IV) 

Hiootinio acid (v) or its amide (vi) is converted in man or rats to 
N^-meth^yiootinamide (vn). [35, 36]. Some trigonelline (vm), an 
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ingredient of fenugreek {TrigoneUum fMnumgraeewm), i« also formed 
and was for many years believed to be the chief product [87], 



Owing to the presence of nicotinamide in the vitamin B complex 
and in co-enzymes, the methylation of the nitrogen atom of the 
pyridine nucleus has acquired an interest which was never expected 
at the time of the early work of BKs and of Ackermann. 


Absbnic in thb Animal Body 

Owing to the similar behaviour of arsenic, selenium and tellurium 
in mould cultures, it would appear that arsenic also should be 
methylated in the animal body and exhaled as trimethylarsine. 
That no odour comparable in intensity with that produced by 
tellurite follows administration of medcinal doses of inorganic 
com^unds of arsenic is well known [30], but ocoasionsd references 
to the presence of a garlic odour in the perspiration following upon 
arsenical poisoning occur [27]. 

Pleschtizer and Preobrajensky [38] passed the breath from 
patients in receipt of inorganic arsenic through bromine water. 
Treatment with ammonia and evaporation gave a slight residue, 
in which the presence of arsenic was detected by addition to cultures 
of 8. brevicaviis, the garlic odour of “ Gosio-gas ” being obtained. 
The presence of some volatile compound of arsenic in the breath was 
thus rendered extremely probable, but the quantity wm too small 
for identification. These authors, at that time unaware of the 
identification of dosib-gas as trimethylarsine merely quote Biginelli’s 
statement [12] that it consists of diethylarsine. 

Various authors (for references see [31]) mention the production 
of a garlic odour in the breath after ingestion or injection of caoodylio 
acid or its sodium salt. Bloemendal [39] passed the exhaled air of 
a rabbit, which had received 20 mg. of sodium oaoodylate, through 
alkaline potassium permanganate solution, which then contained 
tu^nic. The yolatile product was not identified. From the 
behaviour of sodium oaoodylate in cultures of 8. brevieauUs the 
formation of trimethylarsine would be expected by reduction and 
fiHthier methylation. However, methylation does not occur readUy 
in animals receiving arsenious oxide (see above), and laimeUiylamlns, 
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if formed from oaoodylio aoid in the animal body, might oonoeivably 
arise by dismutation, see p. 390. 

Puntoni [40] attributed the garlic odour after oral administration 
of caoodylate to the effect of intestinal organisms, some of which 
he cultivated on cacodylate media, obtaining a similar odour. Using 
strains of the same and two other bacteria. Challenger and Miss 
. Higginbottom [41] were unable to detect any odour in media con* 
taining arsenious oxide, sodium arsenate, sodium methylarsonate or 
sodium cacodylate, even after repeated cultivation on a cacodylate 
medium. 

Prom the results just summarised it is clear that the question 
of the exhalation and possible methylation of arsenic by the animal 
body deserves further attention. It is possible that animals may be 
able to methylate oiganic derivatives of arsenic much more readily 
than arsenious oxide, in analogy with the behaviour of certain green 
Penicittia, see below. 

Mbthylatino Capaoitiks of Othbb Moulds 

A green mould which appeared in the Leeds laboratories as a 
spontaneous infection on bread-crumbs moistened with a tellurite 
solution was found by Dr. Thom of the U.S. Department of Agri- 
culture, Washington, to be closely allied to Penicillium notahim, 
Westling. Cultures on bread and on 2 per cent. gluoose-Czapek-Dox 
medium containing tellurite evolved dimethyl telluride, which was 
identified as before and as benzyldimethyltelluronium picrate. 

P. ehryaogenum Thom in tellurite-bread cultures gave dimethyl 
telluride, but only a faint odour was observed with P. notaium. 
Both organisms readily gave dimethyl selenide in bread cultures 
containing selenite or selenate. This was also produced in bread- 
selenate cultures by the “ green mould ”. 

In breeMl cultures ,.none of the three green PmiciUia gave 
kimethylarsine with arsenious acid, but all convert sodium methyl- 
axsonate to trimethylarsine, which is also produced in similar cultures 
of P. ckrymgmum and P. noUttum containing sodium cacodylate. 
Although methyl groups are present in the substrate, dismuta- 
fion appears to be excluded, because bread cultures of P. chryao- 
gamm convert sodium allylarsonate to allyldimethylarsine 
GH,:CH.CH,A8(CH,),. 

Two strains of Aapergillm niger convert sodium methylarsonate 
and sodium cacodylate (CHgltAsO.ONa to trimethylarsine ; one of 
tilmn also formed ethyldimethyUu^ine CtHsAs(CH}), from ethyl- 
azaonio aeid, and the other methylethyl-n-propyl arsine from 
•l&yl-a-pcopylarsonio add. Keitlmr was able to methylate arsenious 
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acid. The reason for the selective action obsarved with the green 
PeniciUia and with A. niger is under investigation. 

Fission of the DisiriiPHiDB Link in Dulkyl Disouphidbs by 

8. BRBVIOAULIS AND J^ETHYLATION OF THE AlKYL-S GeOUF 

Following the experiments with arsenic, selenium and tellurium, 
attempts were made to produce dimethyl sulphide by the use of two 
different strains of 8. brevicaulis. Negative results were obtained 
by Challenger and North [26] in bread cultures with sulphur, 
sodium sulphite, hydrogen sulphide solution, sodium thiosulphate, 
sodium tetrathionate, thiourea, thiodiglycollio acid and its sodium 
salt, sodium formaldehyde-sulphoxylate (“ rongalite ”), and also 
with sodium ethanesulphonate C,H(SOi.ONa, and ethanesulphinate 
CiHsSO.ONa, the last-named compound in Uquid cultures. 

Tliis was unexpected, since Pohl [42] noticed a leek-like odour 
in the breath of animals receiving injections of thiourea. The 
odorous product was non-reactive to sodium hydroxide or mercuric 
cyanide, and was therefore not an alkylthiol. It was absorbed by 
sulphuric acid and gave a precipitate with mercuric chloride. Pohl, 
therefore, concluded that the product was an alkyl sulphide. A 
similar odour is exhaled by patients suffering from hyperthyroidism 
and receiving thiourea [43, 44], 

C. Neuberg and P. Grosser [46] stated that the precursor of 
the diethyl sulphide which was shoMm by J. J. Abel [46] to be 
evolved on warming the urine of dogs with alkali is methyl^ethyl> 
Bulphonium hydroxide ; also that administration of diethyl sulphide 
to dogs gives rise to this compound. Experimental details are 
lacking, but it should be mentioned that the action of alkali on 
methyldiethylsnlphonium iodide evolves methyl ethyl sulphide and 
not diethyl sulphide. 

The occurrence of methionine CH,S.C9,.0H,.CH(NH,).00,H 
in nature and its relation to cysteine HS.CH,OH(NH|)COOH and 
to cystine suggested that compounds containing the — SH or 
-^■S — S — links might be more responsive to the methylating action 
of the mould. This appeared all the more probable on recalling that 
glutathione, the well-known oxidation-reduction agont occurring in 
protein, depends for its action on the interconvraBion of its disulphide 
and reduced or thiol forms. USSR -f- 2H^2RSH. The result 
showed this expectation to be well-founded. 

R>eoent work has established the ocoorrence of other S*met^yl 
compounds in nature. Methyl jj-methylthiopiopionate, 
OH|S.OH,CH,COOCHs, occurs in pineapple juice (Haagmi-Smit 
et ol. [46 a]) and the chloride of S^diineihyb^pre^thetiM 
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(C]},)^(^)OH,CH,COOH has been isolated from the red alga 
Polysiphonia fastigiata by Miss M. I. Simpson and the author [49]. 
This sulphonium chloride (or other salt) is the precursor of the 
dimethyl sulphide shown by Haas [4dB] to be evolved by the alga. 

S, BSSVICAULIS AND DiALKYL DISULPHIDES 

Dialkyl disulphides (methyl to n*amyl) were added in dilute 
aqueous suspension to bread cultures of S. brevimvlis. The volatile 
products from the cultures were aspirated first through mercuric 
cyanide and then through mercuric chloride, and contained the 
alkylthiol RSH (absorbed in mercuric cyanide giving (BS)|Hg), the 
unchanged disulphide R — S — S — R and the methyl alkyl sulphide 
RSCHs. The precipitates obtained with mercuric chloride consisted 
of mixtures of the mercuric chloride addition product of the methyl 
alkyl sulpliide, with varying amoimts of RSHgCl.HgClj, arising 
from hydrolytic fission of RSSR in presence of the mercuric chloride. 
On treatment of these mixtures with sodium hydroxide, pure 
methyl alkyl sulphide was evolved and converted to the mercuri- 
chloride, the benzylmethyialkylsulphonium picrate, or the double 
compound with platinous chloride. 

The fission of the disulphide link by S, brevicaulia followed by 
methylation appears, therefore, to be a general reaction of the 
simple aliphatic disulphides [47]. 

This biological conversion of n-butyl disulphide to the correspond- 
ing thiol is of interest in view of the occurrence of these two com- 
pounds and of tso-amylthiol in the secretion of the skunk. Traces 
of methylthiol are also stated to be present. Earlier workers also 
considered that the higher homologues of methylthiol were con- 
tained, along with basic nitrogenous compounds, in the secretions 
of various animals allied to the skunk. Furthermore the secretion 
of the zorrino, a South American marten, appears to contain a thiol 
with four atoms of carbon and probably the corresponding disulphide. 
References are given by Blackburn and Challenger [47]. 

Methylation of Inoboanic Sulphate by Schizophyllvu 
ooitMum. 

Birkinshaw, Findlay and Webb [48] have shown that the wood- 
destroying fungus SchizophyUum commune, Fr., when grown on an 
aqueous medium containing glucose, inorganic salts, and a trace 
of " Marmite ”, converts inorganic sulphate to methylthiol CHgSH. 
This was oharaoterised as mercury dimethylthiol (GH,S),Hg. 
TracSs of hydrogen sulphide are also produced. This is the only 
recorded ixurUmce of the myoologioal methylation of inorganic 
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sulphur. Although 8. brevicavlis forms dimethyl selenide 'firam 
inorganic selenium compounds, no methyl aelenothiol is product. 
F. Challenger and P, T. Charlton [49j find that dimethyl sulphide 
and- disulphide accompany the methylthiol erolved by 8. commune. 
The disulphide probably arises by aerial oxidation of the thiol. 

Possible Mechanisms of Biolooioal Mbthylation 
Several hypotheses were considered in an attempt to elucidate 
the mechanism of biological methylation by moulds : (l) reaction 
■with acetic acid, (n) reaction with formaldehyde or glyoxylio acid, 
possibly arising from the oxydative deamination of glycine or the 
breakdown of uric acid, (in) the transfer of a methyl group from 
some compound such as choline or betaine, already present in the 
tissues of the mould. 

I. The Acetic Agio Hypothesis 

The first of the suggested mechanisms might proceed thus in 
the case of arsenious acid : 

A8(0H), + SMeCOjH = AsMe, + 3<X), + 8H,0 

Such a reaction would be analogous to the well-known cacodyl 
oxide test. Alternatively, arsonoaoetic acid might result by a 
process of dehydrogenation : 

CO,HCH,.H + H.AaO(OH), ^ 2H. + CO,H.CH,.Ai^,H*. 

This by loss of carbon dioxide might yield methylarsonio acid 
CH^O(OH), which, on reduction to CH,A8(OH)j, isomerization 
to CH,AbO(OH)H, and further reduction and reaction with acetic 
acid, could finally yield trimethylarsine. 

Challenger and Higginbottom [41] were unable to obtain any 
supporting evidence for this h 3 rpothesi 8 ; arsonoaoetic acid in 
bread cultures of 8. brevicavlis gave small quantities of 'trimethyl- 
arsine in some, but not all, experiments ; a-arsonopropionic acid 
gave only traces, probably due to the formation of a little arsenious 
acid. Moreover, only pure trimethylarsine was e'volved from 
cultures containing arsenious acid with salts of propionic and 
butyric acids, whereas on the acetic acid hypothesis some formation 
of triethyl- and tri-n-propylarsines, or even of mixed methyludkyl- 
arsines, might conceivably have been expected. It may 1>e 
mentioned that thiodiglycoUic acid (COiH.CHa),S gave no dimeibyl 
sulphide. These results suggest that decarboxylation of the jgroup 

^H.COaH does not readily occur in cultures of 8.. 

The acetic acid hypothesis need not be considered farther. 



BIOLOOIOAL METHYLATION 


407 


n. Tax Fobmaldbhydx Hyxothbsis 


The view that methyiation in green plants is efifected by 
formaldehyde or by glyoxylic acid, COOH.CHO, has frequently 
been advanced. One may differentiate between “ primary ” 
formaldehyde produced by photosynthesis and that arising by 
“ secondary ” breakdown processes, e.g. by oxidative deamination 
of glyeitte. In moulds and animals any formaldehyde involved in 
riiethylation reactions is presumably of secondary origin, and even 
in plwts some may arise by the demethylation of N > Me groups 
and become again availat>le ibr methyiation [50]. Glyoxylic acid 
may also arise from the oxidation of purines to uric acid which, by 
way of allantoin, can give rise enzymically to allantoic acid and 
thence to glyoxylic acid and urea, as shown by Fosse, Brunei et al. 
[51]. 
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CO 0— NH 
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-CH— NH i 
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Allantoin 


Allantoic acid 


Numerous methylations can be afiFeoted by formaldehyde in vitro, 
[62]. The presence of an oxygen acceptor is necessary. This may 
be either formaldehyde itself, formic acid, or a Suitable group 
present in the molecule of the compound undergoing methyiation. 

It has not been possible to apply a crucial test to the formaldehyde 
hypothesis as regards the methylations effected by moulds. In its 
application to the production of trimethylarsine, from arsenious 
abid H.AsO(OH)„ this postulates the formation of hydroxymethyl- 
arsonio acid H0CH,.A80(0H), as the first stage, followed by 
reduotioh to methylarsonic acid. After further reduction to 
OH,As(OH), this might be expected to react again with formal- 
dehyde [16, 41], repetition of the process yielding cacodylio acid 
(CH|)|A80.0H and finally trimethylarsine. The formation of 
a-hydroxyethylphosphonio acid CH,CH0H.P0(0H), from acetal- 
dehyde and phosphorous acid and of similar compounds [63] 
furnishes some support for this suggestion. Furthermore, hydroxy- 
methylphosphonic acid HC)0H|.P0(0H), is obtained by evaporating 
parafofrnaldehyde with phosphorus trichloride and adding water [64]. 

tJnfortana^y hydroxymet^ylarsonic acid could not be 
s^^thansed and its homplogue /J-hydroxyethylarsonic acid 
H0.0H,.0HtAB0(0H), in bread cultures of the mould gives no 
volatile product.: Challenger and Hi|^;inbottom [41^ using 8. 
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breoicaulia on glucose-Czapek-Dox medium containing amenioua 
acid, found that addition of aodium formate or of formaldehyde 
(free or as various derivatives), with or without formate, had no 
appreciable influence on the yield of trimethylarsine. If we assume 
that selenious and tellurous acids can react in the forms H.SeOi.OH 
and H.TeOfOH, the formaldehyde h3rpotheBi8 can similarly be 
employed to explain their conversion to dimethyl selenide and 
dimethyl telluride in mould cultures. There is some doubt, however, 
as to whether selenious acid can react in this form [41], although 
Loevenich, Fremdling and Fohr state that ^-naphthylseleninic acid 
CioH7SeO|H can give rise to the normal ester and also to a selenone 
[64a]. 

As applied to the fission of disulphides, and methylation of 
the resulting thiol, this hypothesis demands the formation of 
BS.CHtOH. Several compounds of this typo have been described 
[66], but are unstable and easily hydrolysed. As they could not 
be freed from traces of alkylthiol, their capability of reduction to 
BS.CH, in mould cultures could not be determined. 

m. The Transpeb of a Methyl Group 

The transfer of a methyl group from some methylated compound 
such as choline or betaine was suggested by O. Biesser [66] to 
explain the production of creatine and of alkylated (presumably 
methylated) derivatives of selenium and tellurium in animals. See 
also F. Hofineister [67]. 

F. Challenger and (Miss) 0. Higginbottom [41] and F. Challenger, 
P. Taylor and B. Taylor [68] found that sodium sulphite, organic 
disulphides, sodium selenite and sodium tellurite, when heated with 
betaine, yielded dimethyl sulphide, methylalkyl or methylaryi 
sulphide, dimethyl selenide, and dimethyl telluride. The last three 
reactions recall the behaviour of these substances in cultures of 
8. brevicaidia, see p. 406. B. Willstatter [59] found that, on heating, 
betaine forms methyl dimethylaminoacetate, a reaction dearly 
Involving the migration of a methyl group 

(CH,),N.CH,C0.0 -► (CH,),N.CH,OO.OOH,. 

It was suggested by F. Challenger [00] that these pyrogenic reaetions 
might proceed as follows : 

(1) M«,N.CH|iCOO + Na,SeO, - Me,N.CH,CO,Na + MeSeO^Na. 

With selenites and tellurites a quaternary salt is possibly first 
formed. The dimethyl selenide presumably arises by deoomposi* 
tion of the sodium methaneedenonate. 

(2) Me^ .CH,000 + RS.SR - Me,N.0H/30,.SR + RMIe. 
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Under similar conditions primary aromatic amines yielded 
^-monomethyl derivatives. 

In the absence of any evidence as to the kinetics of these 
pyrogenic betaine decompositions, it is impossible to decide upon 
the mechanism by which the methyl group is transferred. Experi- 
mental evidence is equally lacking as regards the kinetics of the 
production of methyl derivatives by living cells. Considering first 
a unimolecular mechanism of the type discussed by Ingold and 
his colleagues [61] it is noticed that almost all the compounds which 
undergo methylation by moulds or animals can give negative ions, 
which contain unshared electrons, so that co-ordination of a positive 
methyl group would give a neutral molecule [62]. This could then 

undergo reduction and ionisation followed by further co-ordination 
+ 

of a CHs radical. 


MUTBriiATION OF ABSBKIO, SeLKNIUM and TELLURroil COMPOTJNDS 


The mechanism suggested by the Leeds School [62] may be 
illustrated in the case of arsenious and selenious aci^ : 
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The suggested intermediate compounds have not been detected 
in mould cultures, but they all yield trimethylarsine when present 
in bread cultures of 8. brevicaidis. 

(2) HgSeO, -► H + tSe^H 


tSe^I 




ion 


m 
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CH,So:~ OH ► CHjSe : 

Xq and reduction 




Methaneselenonic acid 


Ion of Methaneseleninic acid 


r V r« Rwi action •• 

(CH3)2SeC^^ ► (CH3)a8e: 

Dimethyl selenone Dimethyl selonido. 
The postulated intermediate selenium compounds have not been 
detected in the media, but (Miss) M. L. Bird and F. Challenger [63] 
showed that aS. brevicaulis and certain Penicillia convert methane-, 
ethane-, and propane-l-soleninic acids, RSeO^H to dirnethyl- 
methylethyl-, and methyl-n-propyl selenides RSeMe, as required by 
the suggested mechanism, thus : 

— -f Reduction 

RSeO, + CH, -> R.SeOj.CH, ► R.So.CH, 

Potassium methane-, ethane-, and propane-l-selenonates [64] 
RSe 02 . 0 K, in cultures of the same moulds, gave only dimethyl 
selenide, due to breakdown of the selenonate giving R.OH and 
KHSeO,. This observation does not necessarily invalidate the 
suggested mechanism, since the methaneselenonic acid might be 
sufficiently stable, within the cell, to reach the next stage without 
hydrolysis. 


MeTHYLATION of SuLPHtTK COMPOUNDS 

The methyl alkyl sulphides obtained from dialkyl disulphides 
in cultures of S. brevicaulis may arise by ionisation of alkylthiol 
first produced, followed by co-ordination of CH ,+ , or this may occur 
prior to fission (68). 

Mbthylation of Nitrogen Compounds 

Co-ordination of a positive methyl ion would also explain the 
well-known conversion of neutral pyridine and quinoline to methyl- 
P3nridinium and methylquinolinium hydroxides in the body of the 
dog. The formation of trigonelline or N'-methylnicotinamide on 
administration of nicotinic acid to various animals may be explained 
in the same way (see p. 402). 

Alternative Mechanisms of Biological Mbthylation 

One alternative to methylation by elimination of a positive 
methyl ion is a bimolecular reaction, of the type also discussed by 
Ingold and his colleagues [61]. 

Since, however, this also ultimately involves the attachment of 
methyl to the unshared electrons of the metalloid, the formulationB 
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given above may be retained for convenience in representing the 
suggested intermediate stages in the methylation process. It is 
possible, however, that methyl may be transferred eis a neutral 
radical. Attempts to obtain evidence of this by addition of sulphur, 
in powder or as a colloidal solution, or of finely divided mercury to 
cultures of 8. brevicavlis gave negative results, no methylated 
compounds being detected. 

As pointed out by Mr. J. H. Baxendale (private communication) 
the capture of a neutral methyl group by a negative ion, e.g. arsenite, 
would give nine electrons on the arsenic atom, an unstable system 
which would act as a strong reducing agent, readily forming neutral 
methylarsonic acid CH,A80(0H),. This might possibly be con- 
cerned in the reducing actions which cultures of 8. brevicatdia 
obviously exert upon the higher valencies of arsenic, selenium and 
tellurium, inorganic arsenates, selenates and tellurates yielding 
organic arsines, selenides and tellurides. 


Tbansmbthylation. Du Vignbaud’s Expbbimbnts using 
Isotopic Indicatoks 


T r ansmethylation prom Methionine and Choline 


The suggestion that certain biological metbylations in animals 
might be conditioned by methyl groups detached from choline or 
betaine [60] received support from the work of du Vigneaud and 
his colleagues. They have shown [66] that homocystine (i) can 
replace methionine (in) in the diet of the white rat only in presence 
of choline or betaine, which, however, produces the effect more 
slowly than choline. It was suggested that a methyl group is 
transferred from the nitrogen of choline or betaine to the sulphur 
of homocysteine (n) (“ transmethylation ”) to give methionine, and 
that the reaction might be reversible, methionine acting as a donor 
of methyl groups to a choline precursor. 


(CO,H.OH(NH),.CH».CH.S), 

( 1 ) 

co,h.oh(nh,)OH,ch;s.ch, 

(HI) 

C— N.OHjOOOH 

II • 

NHCH, 
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CO,H.CH(NH,).CH,CH,SH 

(H) 

CO,H.CH(NH,)CH,.CH,.SCD, 

(IV) 

NH— CO 

I I 

HN ! C CH, 

(VI) 


V. du Vigneaud’s “ transmethylation ” hypothesis was tested by 
tiie use of ijieeimens of deuteriomethionine (rv) containing (o) 83*6 
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and {b) 87-5 atom per cent, of deuterinm in the methyl group. 
These were fed to rats kept on a methionine-choline-free diet (68]. 
Earlier work had shown that the deuterium content of the urinary 
creatinine (vi) closely follows that of the creatine (v) and choline of 
the tissues. The experiment with specimen (a) was, therefore, 
continued for 94 days until the methyl group of the creatinine 
contained 72-4 atom per cent. The animal was then killed and the 
choline isolated from the tissues as the chloroplatinate. The atom 
percentage of deuterium in the methyl groups of this choline was 
found to be 74-2, the corresponding, figure for the tissue creatine 
being 73. These figures represent in all three cases approximately 
83 per cent, of the theoretically possible amount of deuteritim, 
assuming that all the methyl groups had come from the deuterio- 
methionine. This figure is the “ deuterium ratio,” i.e. atom per cent, 
deuterium in methyl group of isolated compound/atom per cent, 
deuterium in methyl group of deuteriomethionine administered 
X 100. Oxidation of the choline to trimethylamine showed that 
all the deuterium was contained in the methyl groups. 

It is concluded that these reactions are true transmethylations 
(the methyl group being transferred as a whole), cmd that they do 
not involve the elimination of dideuterioformaldehyde CD,0. On 
the formaldehyde theory of methylation, dideuterioformaldehyde, 
if produced, would react with the amino-group of the choline 
precursor, presumably ethanolamine HOCH,CH,NH, (67], 'to give 
— ^NHCDjOH, which on reduction in the organism would give 
— ^NHCDgH and not — NHCD3. The deuterium content of each 
methyl group of the choline could not then rise above two-thirds of 
that in the methyl group of the methionine administeted, i.e. the 
“ deuterium ratio ” would have a maximum of 66-6 per cent. 

V. du Vigneaud et cd. [68] then administered trideuteriodholine 

" 4 * — 

(CD,)jN(OH)CHj.CH,OH to rats, on a methionine-oholine-free diet 
containing hpmocystino, for 23 and 56 days respectively. On 
isolation of the creatine (v) from the tissues the deuterium content 
was 24 per cent, and 29 per cent, of the theoreticsd maximum and 
the deuteriomethyl group weus detected in tissue methionine, "nie 
methyl groups of choline can, therefore, take part in transmethyla- 
tion. This also occurs, to a lesser extent, when no homocystine is 
given or when ordinary methionine is given instead of homocystine. 

The authors consider that homocysteine is formed from 
muthionine by the animal, and that methionine is re-formed by 
means of the methyl group, supplied by choline, (^ntinuous 
S3mthesis of methionine, therefore, occurs edthoujgh iodite thfm 
enough is supplied in the diet. When deutetiOmethichilcw ahd ak 
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Adequate supply of ordinary choline were fed together, formation 
of choline from methionine Was found to proceed nevertheless. 

The occurrence of transmethylation has also been established 
in the rabbit [69] by the use of deuteriomCthionine (79 atom per 
cent. D in the methyl group), and analysis of the creatinine of the 
urine and the choline of the tissues. Later Siramonds and du 
Vigneaud [70], using the isotope technique, showed that the methyl 
group of dietary methionine can bo used by man in the synthesis of 
choline and creatinine. 

V. du Vigneaud et. al. [71] fed dimethylaminoethanol to young 
rats on a methyl-free basal diet containing homocystine. Growth 
was not so good as when choline was fed, i.e. methionine was 
less readily formed. However, deuteriodimethylaminoethanol 
(OH,D),N.CH,CH,OH under similar conditions was readily con- 
verted to a deuteriooholine and thence to creatine by transmethyla- 
tion. Presumably dimethylaminoethanol does not take part directly 
in transmethylation, but can accept methyl groups supplied by 
methionine or some other methyl donor in the body, thus giving 
choline and accounting for the limited growth observed. If so, 
it follows that choline, when engaging in transmethylation, releases 
ordy one methyl group giving dimethylaminoethanol. Experiments 
with deuteriomonomethylaminoethanol CDjNH.CHjCH^OH led to 
similar conclusions. The incapacity of the partially methylated 
aminoethanols to transfer their methyl groups may be due to the 
absence of the quaternary nitrogen atom which is present in choline 
and betaine. 

Tranbmbthylation from Betainb 

Final proof that betaine takes part in transmethylation has 
now been obtained. The eRrly experiments of du Vigneaud [66] 
pointed clearly in this direction. Stett«i [67] showed that on 
administration of betmne containing N** to rats the concentration 
of this isotope in the glycine of the tissue-protein was almost as high 
as when isotopic glycine was fed, thus proving demethylation of the 
betaine. V. du Vigneaud e<. al. [72] fed betaine labelled with 
deutefiomethyl groups and N^* to growing rats. Isotopic analyses 
of the choline and creatine isolated from the rat tissues showed 
betaine to be a very effective methyl donor. Methyl groups from 
dietary betaine appear in tissue choline almost as rapidly as they 
appear from dietary dcuteriocholine. The disjiarity in the amounts 
of N“ and of deuterium found in the tissues proves that the betaine 
molecule is not converted as a whole to choline. 

The methyl group of dietary 'methionine appears more rapidly 
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in creatine [73] than do those of dietary betaine. Very possibly 
the transfer of methyl groups from choline and betaine to form 
creatine involves transmethylation forming first methionine and 
then, either directly or^mdireotly, creatine [74]. 

Conclusion 

The work summarised in this article has exemplified the principal 
types of reaction in which biological methylation takes part. The 
work of du Vigneaud and his colleagues has clearly established that 
the relations between methionine, choline, betaine and creatine in 
the animal body involve transmethylation, and that in the particular 
reactions studied, and imder given experimental conditions, this 
does not proceed by elimination of formaldehyde. Recent work in 
England and in America suggests that transmethylation may also 
be of importance in the biochemistry of cancer and especially in a 
study of the action of carcinogenic compounds [76, 76, 77]. 

The mechanism by which methylation is effected by moulds is 
still imoertain, nor is any decision likely until the results of experi- 
ments using labelled substrates, at present in progress, are available. 

Parts of this article are based on the author’s monograph on 
Biological Methylation published in Chemical Beviewa 1946, 36 , 
316-61. 
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SOME PROBLEMS OF ROCKET PROPULSION* 

By L. ROSENHEAD, Ph.D., D.Sc., F.R.8. 

ProfMior of Applied MatMmaiiee in the Univerriti/ of lAvorpool 

There a<re many points of scientific and psychological interest 
aidsing from the use of rockets for military purposes. It is possible 
to write at considerable length upon each of them, but a detailed 
discussion of any one aspect might tend to leave an unbalanced 
point of view. I, therefore, propose to discuss not one, but several 
of the problems involved and to touch only lightly upon each of them. 

I have therefore attempted to formulate the questions which, 
I imagine, are in the minds of those who either care to think about 
rockets, or who are compelled by circumstances to do so, and then 
to set myself the task of indicating the general nature of the answers. 
The queries which I postulate are — What is a rocket ? — How does 
it work ? — Why does the use of rockets in war appear to arouse 
feelings of terror ?— What are the advantages of utilising the rocket 
principle of propulsion ? — What is likely to be the nature of further 
developments in rockets ? 

In my answers I shall try to bear in mind the special requirements 
of oqnditions of war and peace. 

In the first instance, may 1 repeat what is presumably common 
knowledge, namely that the rocket is not a new invention. Signal 
rockets have been known for thousands of years, their first use 
dating, it is understood, from the time of the invention of gunpowder 
by the Chinese. They certainly antedate Confucius who lived about 
B.o. 500. In the early days rockets were used either to scare away 
evil spirits or to importune the Gods. This same method of drawing 
attention to spiritual and material needs is practised in Nepal even 
at the present time. A sketch of the principal features of a primitive 
rocket is shown in Fig. 1. 

Although the practical applicati(m of the rocket principle is very 
old, the understanding of its method of operation did not come until 
Newton expounded it. The basic principle is “ To every action 
there is an equal and an opposite reaction ; or, the actions of two 
portions of matter on each other are always equal and are exactly 
opposed.” 

•The writer is indebted to the Cltief Scientist, Ministry of Supply, for 
penaiaaion io publish this essay. 
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In their non-spiritual aspects, rockets seem to have been used 
almost entirely as weapons of war. Their use in this respect probably 
antedates that of guns, A German monk, Berthold Schwarz, is 
usually given whatever credit there is for 
the invention of guns ; the date is usually 
stated to be a little after a.d. 1300. The 
use of rockets, however, is mentioned in a 
Chinese chronicle describing the battle of 
Kai-Fung-Pou, which took place in a.d. 1232. 
Rockets were certainly recognized and used 
for military purposes by the end of the four- 
teenth century ; they are described in Von 
Eichstftdt’s Bdlifortis of 1405 and in de 
Fontana’s Bellicorum Instrumentorum Liber 
of 1420. The latter goes so far as to 
describe flying rockets disguised as pigeons 
— a development of which the details have 
not so far been recovered by 20th-oentury 
investigators. However, by the early seven- 
teenth century, rockets as a military 
weapon had fallen into disfavour, but their 
use in p 3 n' 0 technic 8 continued. The making 
of gunpowder rockets, stabilised by con- 
trolling sticks, wfts described by Hanzelet 
Lorrain in 1630, and they are made 
in much the same way at the present 
time. 

The modem phase in the history of military rockets began 
around 1800, and their use is associated with the name of Sir William 
Congreve. His interests were aroused by reports of effective rocket 
fire by Indian troops against the British, and he was the inspiring 
force behind the development of military rockets for British forces. 
His largest were about 200 to 300 lb. in weight and attained a range 
of over 3000 yards. These rockets were used at Leipzig and Danzig 
in 1813. They were first tried out in 1809 at the siege of Flushing. 
The expedition reponsible for the trial was a costly failure, and is 
remembered chiefly for the terrible sickness from which the force 
suffered. But the siege and capture at Flushing was a triumph for 
the Siege Artilleiy, for the batteries opened at midday on August 13, 
and the place surrendered on the morning of the 16th I 

It is interesting to note that Sir William Congreve was a civilian. 
He was never an officer of a regiment ; he succeeded his father as 
Comptroller of the Royal Laboratory and was responsible for many 
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artillery inventions. The professional gunners of that time were 
not very enthusiastic, in fact their reports were very damning, and 
the rocket as a weapon of war fell into disrepute. They were, 
however, used in the American War, particularly against Fort 
McHenry ; the words of the American Anthem, “ the rockets’ red 
glare, the bombs bursting in air ”, refer to Congreve rockets. They 
were re-introduced, however, about the ISTO’s, by a Mr. Hale and 
became service stores at that time. They again became obsolete 
about 1890. 

Many governments have attempted to develop the rocket and 
so, in the competition for new and more effective armament, attempts 
to develop rockets never really ceased. In America research pro- 
ceeded, I understand, quite as actively as in European countries. 
In England serious attempts to develop rockets seem to have started 
only shortly before the beginning of the 1939 World War. In the 
interval between the American Civil War and the 1914 World War 
two developments took place which revolutionised the technique of 
armament. The first was the development and application of 
modern metallurgical techniques and the second was the intro- 
duction of colloidal propellants by Vieille in 1 886. The British name 
for this propellant is ” cordite ” ; the Americans call it “ smokeless 
powder The American term “ powder ” derives from the first 
type of propellant, “ gunpowder All propellants in American 
technical language are called powders. Cordite was called “ smoke- 
less ” not because it produced no smoke, but because it produoed 
less smoke — so that the American name is logical after aU. In 
fact, in the very early days discharges of gun-powder produoed 
terrific clouds of carbon, and for this reason were called ” black- 
boxers ”, no doubt in recognition of eminent coloured pugilists. 

During the 1914 World War, attempts were made on a small 
scale to use rockets attached to the inter-plane struts of aeroplanes. 
They were fired electrically by the pilot. About four rockets were 
mounted on each side. Their best range was under 400 feet ; beyond 
this the curved trajectory of the rocket made accurate aiming 
imposrible. They were known as “ Le Prieur ” rockets after their 
inventor, Lieut. Y. P. G. Le Prieur of the French Navy. References 
can be found in the official book War in the Air, and also in Jane's 
Booh of the World Aircraft of 1919. The use of rockets on aircraft 
is also mentioned in contemporary war novels such as Gilbert 
Framkau’s Peter Jackson, Cigar Merchant. 

I should now like to turn to my first question, " What is a 
rocket ? ” In principle, a rocket must consist of a container or 
chamber in which gases are gmierated at high pressure, and in 
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which there is some sort of a vent or nozzle through which the gases 
may escape in the form of a jet. This part of the assembly provides 
the propelling force, and for this reason is usually called the motor 
of the rocket. A rocket may also have a “ head,** containing 
apparatus of one kind or another, ranging from apparatus to deter- 
mine weather conditions, radio devices, wire devices, parachutes, 
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flares, to high explosives, etc. Mg. 2(a) shows a diagra m of the 
essentials of a rocket motor. The converging section is called a 
“ nrazle.” Sometimes an expanding cone is attached to the nozzle, 
as in Fig. 2(6) and the convergent-divergent system is called a 
“ venturi.” In order to appreciate the importance of the nozzle, let 
us oonrader one or two simplifie’d oases. Lot us assume that, in the 
first instance, the chamber is just filled with still air at atmospheric 
pressure and that we have at our disposal a device for pumping 'air 
into the chamber. At first the pressure is the same inside and 
outside. We next pump in air at a slow steady rate. It will tend 
to accumulate inside the chamber and so build up a pressure there. 
On the outside of the nozzle we have air at atmospheric pressmw 
and on the inside we have air at a higher pressure ; there wiE, 
therefore, a flow from the chamber to the outside, and after a 
little time a steady state will have been set up whereby, corres- 
ponding to the rate of introduction of air, there will be a steady 
pressure in the chamber and a steady rate of flow to the outside air. 
Suppose now that we experiment and increase the rate of input of 
air to a second oonstmit value. Sometime later a second iteatfy 
flow will have been set upland so we can go on varying Input 
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of air and getting a aeries of steady states. It can be shown by 
very simple theoretical considerations that the various character- 
istics of these steady states are given qualitatively by the curves 
of Fig. 3. The important point to notice is that, if the pressure in 
the chamber exceeds a certain value P*, the velocity of the gases 
at the throat is unaffected. It is as if with that critical pressure 
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the throat of the rocket takes charge of the whole proceedings and 
ii^usists that dl the gases which pass through it shall do so at a velocity 
^ed by itself. “ It nozzles the flow.” For any nozzle, therefore, 
there appears to be a maximum velocity of efflux. The rate of 
discharge <4 matter however, depends upon the area of the nozzle 
thi^t, upon the velocity of efflux and upon the density of the 
emergent gases, so that by increasing the density of the gases, that 
is ^y building up the pressure within the chamber, one can attain 
very considerable rates of mass discharge even though the velocity 
of efilux remains constant. 

jfiere arises the first important problem of rocket propulsion. 
Hpw musi the nozzle be designed ? Upon what principles should 
^e be put forward ? This depends upon a very thorough 

pnderstanding of the nature of the flow at the entry to the nozaile. 
l^n to the present we have no true guide, but engineers haye 
* ' ' a very simple form of enfry which produces ove^ results 
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which are in accordance with our general expectations. There is 
reason to believe, however, that there may be a considerable loss 
of energy due to turbulent interchange in the nozzle entry. 

The second problem arises from the desirability of having a 
complete understanding of the flow and pressure inside the chamber. 
Even that is lacking, though considerable progress in this direction 
has been made. The importance of a knowledge of the flow lies 
in the fact that it is desirable to make the walls of the chamber as 
light as possible and yet able to withstand as high a pressure as 
practicable. This introduces questions of hydrodynamics, metal- 
lurgical techniques and heat flow. The question of heat flow is of 
dominant importance, because the gases which are generated are 
usually very hot, and if the combustion inside the rocket chamber 
lasts for any length of time the heat softens the metal and makes it 
less able to withstand the internal pressures than in the cold state. 
Arising from this comes a new series of problems. For example, 
if the gases have a certain temperature and chemical composition, 
what is the type of metal which should be used in order to avoid 
chemical action between the gases and the container ? Is it possible 
to devise some form of refractory lining to the chamber which is 
impervious to the flow of heat, or which will so delay the flow of 
heat that, by the time the metal of the chamber is very hot, the 
generation of gases inside the chamber will have ceased and the 
pressure will have dropped below the value at which safety is 
endangered ? 

Then there is the question of the means to be adopted to produce 
the generation of gases. Should the gas come from a tight wad of 
propellant pushed into the back of the chamber, burning from one 
face only 7 Or should we use specially shaped charges inside the 
chamber, burning over their whole surfaces ? Or should we have 
fluids inside, so arranged that they are pumped out of their containers 
to react chemically when they mix in a small internal chamber ? 
Ibese are the kinds of problems which have held up the development 
of rockets and I think it is fair to say that in very considMable 
measure they have been solved in principle. 

The efficiency of the system as a whole, however, is not very 
great ; the amount of energy which it has been possible to use for 
propulsive purposes is only a small fraction of the total energy 
known to be contained in the propellant. The search for new types 
of propellant and for improved variants of existing types still 
continues. I think that it is not incorrect to say that up to about 
1942, this country was in the lead as far aS rocket developing 
was concerned, and that this was principally due to the excellent 
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work of BritiBh chemists in producing a colloidal propellant much 
more reliable in action and much more safe to handle than similar 
propellants produced in other countries, and also due to the fact 
that they had perfected the technique of manufacture of cordite in 
large sizes, something which until a few years before the 1039 war 
had been considered virtually an impossibility. All the results of 
British investigations into rockets were handed over to American 
and Russian authorities during the last war, and it is more than 
likely that at the time of writing Great Britain no longer leads in 
the technical development of rockets. 

Let us, however, revert to our consideration of the rocket nozzle. 
The gases which emerge from it do so with high velocity and with 
considerable thermal energy. If we could convert some of this 
thermal energy into djmamic energy we should increase the velocity 
of ejection. The object of increasing the velocity of ejection is 
to increase the action on the rocket chamber. That tliis is so can 
be seen very briefly from Figs. 4 and 6. The increase in velocity 
is achieved by fitting an expansion cone to the nozzle and the gas 
which emerges from the throat converts some of its heat energy 
into dynamic energy, and within a matter of inches it is possible to 
increase the velocity from something of the order of 3000 feet per 
second to something of the order of 6000 feet per second by these 
means. In fact, by adding a small expanding cone to the system 
one can increase the total thrust by something of the order of 
20 to 26 per cent. 

Here arises an entirely new set of problems. What is the best 
angle of divergence for the expanding cone ? If the cone is too 
narrow the rocket will lose thrust and we shall increase the friction 
between the propellant gases and the metal walls of the cone. If 
the cone angle is too wide, the jet may not fill the whole cone and 
may, possibly, sway from side to side, so that in its flight through 
tiw air the rocket will be subject to the influence of some forces 
whose Une of action wobbles considerably. This will produce 
erratic flight, a phenomenon seen by large numbers of people at 
about November 6 of each year ! Here then is another of the 
p^ndpal problems of pure science in rocket development. 

. At this stage I would like to devote a little time to a discussion 
of the actual flight of rockets and to indicate briefly the nature of 
the problems which arise. 

^1^ flrst problem in ballistics as applied to rockets is, of course, 
to determine by calculation how far any speciflc rocket will go. 
The caloulations required for this are somewhat difierent from those 
for guns. In a gun cordite is ignited and completely burnt in a 
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oonfined space. Oases are generated at very high pressure and this 
pressure acts uniformly in all directions. It acts backwards on the 
closed breech of the gun and it acts forward on the shell. The gun 
is pushed backward and the shell is pushed forward. The shell is 
able to move along the barrel of the gun but, by the time it reaches 
the muzsde, all the cordite behind it has been consumed, so that 
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when it is clear of the muzzle there is ho further propelling force 
on the shell. In fact, at the muzzle the shell has its maximuih for- 
ward velocity along its trajectory. From a knowledge of this 
maximum forward velocity, which can be determined elthw by 
empirical calculations or by direct photographic measurement, and 
from a knowledge of the resistance on sheDsof variotu types, It > 
is possible to oalotdate how far the shells willgo. The^blomfoir 
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gona, therefore, is oomparsittvely easy. For rookets Uie ciUoaUtion 
is rathw more oomplioated. The oordite is igoited in a chamber 
which is open at one end and closed at the other. The force exerted 
by the motor provides the forward driving force. At the open end 
there is a loss of matter produced by the expulsion of gases at high 
pressure. The rocket starts to move as soon as the forward driving 
force is large enough to overcome friction and the retarding com- 
ponent of gravity ; it goes forward under a comparatively small 
aoceleratmg force. In the gun, for example, the accelerating 
force on the shell is many thousands of times that of gravity. 
In the ordinary rocket it is soothing of. the order of 20 or 30 
or 40 times that of gravity. For the German V2 weapon, the 
resultant vertical acceleration in the early stages of flight is only 
approximately half that of gravity. However, the time during 
which the propulsive force acts is quite different in rookets from that 
in guns. In guns there is a large force acting for a very short time, 
several thousandcns of a second ; in rookets the time can be varied 
very considerably by altering the shape of the charge, the dimensions 
of the chamber and the size of the nozzle. In existing rookets the 
time varies from a third of a second to two seconds. In the VI 
weapon, which also employed the method of jet propulsion, the 
time was as high as twenty minutes. In the V2 rocket the time was 
of the order of five or six minutes. It can readily be appreciated, 
therefore, that the kinds of technical problems which arise differ 
very considerably. In fact, with an increase in the time of burning 
there arises a host of new metallurgical problems, and it becomes 
necessary to devise systems which will stand up to the intense heat 
generated by the propellant gases for very considerable lengths of 
time. Here, too, is one of the major problems of rocket propulsion. 

Betuming to the question of flight, however, we see that a rocket 
is subject to an accelerating force for a much longer time than a shell. 
Hence, even though it may start off with a small acceleration, it 
ngtay ultimately reach a velocity comparable with that of a shell. 
If it becomes necessary to compare the motion of shell and rocket, 
attmtion must be concentrated upon that point in space where the 
otnrdBe of the rodcet is completely burnt up. A Uttle to the rear of 
that point, the resultant forward acceleration becomes zero and the 
rocket then attains its maximum forward velocity along its trajectory. 
That point, which may be 500, 1000, or 1500 feet away from the 
point of projection, corresponds to the muzzle of the ordinary gun. 
Frmn that point onwards the motion of a rocket obeys the same 
khkl of rules as the motion of a shell. 

In reaching that point, however, there are fundamental 
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differmoes. During the time in which the shell is being aooelerated 
it is oonstarained on all sides by the barrel of the gun — ^whioh is a 
precision instrument. The rocket, however, may be constrained 
for only the first few feet of its flight, depending, of course, upon the 
length of the rails on which it rests. In fact, some rockets may 
be constrained for only a few inches, the length of the projector 
being determined from considerations of the space available, say in 
aeroplanes or on ships. Even when it leaves the projector the 
rocket is still moving comparatively slowly and is subject to the 
very vaiiable winds which occur in the region of the projector. 
Rockets, therefore, are. very considerably disturbed in the region 
of the lower atmosphere. The determination of atmospheric varia- 
tions within 100 feet of the surface of the earth presents the next 
really important scientific problem if we are to have a thorough 
understanding of the motion of this form of projectile. The matter 
is further complicated by the fact that the gases which are shot out 
of the rear of the rocket may be travelling at speeds of the order of 
6000 to 0000 feet per second, whereas the rocket may be moving 
forward from the end of the projector with a speed something lees 
than 200 feet per second. It can, therefore, be visualised that the 
propellant gases may easily be reflected from objects in the neigh- 
bourhood of the rocket and then be shot forward to overtake the 
rocket, which may, therefore, be travelling in an atmosphere dis- 
turbed not only by the wind but by its own propellant gases. On 
general grounds, therefore, we should expect the rocket to be a less 
accurate weapon than the shell — and this has turned out to be the 
0 €Me. It should be noted that shells, by contrast, pass through the 
highly turbulent region with their greatest velocity, and are, com- 
paratively, extremely accurate. 

From the point of view of ballistics, pressure determinations can 
be made along the barrel of a gun and a time-record of the forces 
on the shell can be evaluated. In the case of the rocket the same 
eCRekst can be achieved, but by different types of apparatus, so that 
in both cases the maximum velocity can be calculated with appro- 
priate degrees of accuracy. The remainder of the path mm be 
calculated according to the same system of rules, but here again the 
information at our disposal on the resistance experienced by bodies 
of various shapes at speeds greater than that of sound is very meagre, 
and it is rather surprising that with this soanty mfomation the 
experts are able to make such accurate predictions of ranging. 
Here too lies an important problem of rocket motion involvii^ the 
determination of aerodynamic resistance by laboratco’y experiments, 
or by mathematical calculation. This problem is assuming greater 
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importance as the attention of governments and aeroplane firms is 
being directed to the question of supersonic motion. There are 
signs, at the present moment, of serious attempts all over the world 
to solve these problems. 

There is, however, another aspect of the ballistics problem. 
Prediction of range in itself is not enough ; one must have accuracy 
in fall of shot. For example, if a shell leaves a gun in a prescribed 
direction, with a known velocity, it is not enough to bo able to 
predict how far away from the projector it will fall — one must 
attempt to predict the precise point where it is going to fall. If 
an ordinary shell were shot forward with some known velocity and 
no special precautions were taken, it would turn over and over in 
the air — ^just as does a walking-stick whejp it is thrown into the air. 
The centre of gravity of the shell would move along some curve. 
That curve would be influenced by the actual aerodynamic resis- 
tance experienced by the shell, and because the shell would roll 
round and round in the air the resistance would be increased and the 
ranging diminished. However, the shell would experience no diffi- 
culty in getting away from the'projector ! In the case of rockets, 
however, the position is a little more spectacular. Consider a rocket 
which leaves the projector and rolls round on its path while still 
under the influence of its propulsive force. As it diverges from its 
original path the accelerating forces will propel it in this new direction 
with an increased velocity. If it again deviates from its path it 
will go still faster in its final direction. In fact, if great care is not 
taken, a rocket can depart very considerably from its expected path. 
In order to avoid the occurrence of such phenomena one attempts 
to “ stabilise ” the weapons. As is well known, a shell is stabilised 
by spinning, that is, as it travels along the barrel it is constrained 
to spin around its axis, the rate of spin being calculated to give 
the required degree of stability. The rocket can also be stabihsed 
by spinning, or it can be stabilised by fins, as is the dart, or it can 
be stabilised by a trailing stick as in the primitive rockets. It 
can even be stabilised by a trailing string. The object of the 
fins, the stick or the string is this : if the rocket departs slightly 
from its calculated path, the fins, for example, experience increased 
aerodynamic forces in a direction such as to couiiteraot the effect 
of the deviation. The precise calculation of the size of fins 
required for this purpose is a matter of considerable complexity, 
and the matter has had to be approached almost entirely from the 
emjfirioal point of view. If the fins are too small they do not damp 
out disturbances in flight sufficiently rapidly. If they are too large 
they add considerably to weight and to resistance, and so reduce 
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the range. In addition, large fins increase susceptibility of the 
ro(dret to variations of wind in the lower atmosphere. One has 
therefore to strike a compromise between the requirements of 
ranging, of damping out disturbances and of the effects of the lower 
atmosphere. 

In considering the question of accuracy it is essential that the 
resultant forward force should, in all cases, pass through the centre 
of gravity of the rocket. If it did not do so there would be a turning 
moment about the centre of gravity and the rocket would turn 
round very considerably. As the position of the centre of gravity 
in a rocket varies very considerably during its flight, due to the 
consumption of its propellant, the problem of ensuring that the 
thrust always acts through the centre of gravity is a rather compli- 
cated one, and a thorough' understanding of the magnitudes of the 
factors tending towards an increase or reduction of accrmmy is 
absolutely essential. 

So far, I have attempted to outline the problems which arise 
in a full investigation of rocket propulsion. Then the question 
arises, or should have arisen at an earlier stage, “ What are the 
advantages of utilising the rocket principle of propulsion t ” For 
conditions of peace there are many potential advantages arising 
from the fact that the propulsion unit, the motor, is much simpler 
than the present conventional engine, the weight and cost for a given 
horse-power being much reduced. This means that for a given 
overall weight of unit it should be possible to generate a much greater 
horse-power than with the conventional type of engine. It seems 
to me that for some time to come the jet method will have its 
principal application in aeroplanes, ships and, possibly later, in trains. 
With improvements in types of propellant it is also possible that 
motor-car traffic might in due course be transformed. 

For conditions of warfare, the principal advantage lies, in the 
first instance, in the lightness and in the cheapness of the projector. 
In making this remark I have in mind not only “ money value”, 
which may be fictitious, but alro the value as measured in man-! 
hours of work. In place of a gun, which has to be a precision 
instrummt carefully metchined and adjusted and costing many 
thousands of pounds, one can use a most primitive-looking apparatus 
costing some thirty or so pounds, which is equally effective. The 
reduced weight of rocket projector as compared with the gun tends 
to greater mobility of batteries. It tends to increase the sise pf 
salvoes and so enables areas to be neutralized with greater speed, , 
It also makes possible .the fitting of the e(|iiiyalent of y<Hry heavy 
armament to aeroplanes. In tiiis connection the ahsanqe qf repotd^ 
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or rather the absence of a closed breech to take the backward force 
arising in projection, is the essential characteristio which makes it 
possible to simplify the construction of the projector. 

It should be realised also that a normal gun has a limited accuracy 
life ; every shot tends to disturb the trueness of the bore and after 
a certain number of shots a gun needs a major operation to make it 
useful. For rocket projectors there is a much greater accuracy 
life and the cost of replacement is trivial. 

The use of the rocket system of propulsion enables one to apply 
a sustained motive force to a projectile instead of the impulsive 
force usual in the gun. This makes possible the introduction of 
long-range projectiles and also of guided projectiles, that is, guided 
by electrical or other devices. The absence of the very large 
accelerating forces which occur in the barrel of a gun makes it possible 
to fit to the rocket head many complicated electrical devices, which 
would be broken if put into the shell of a gun. 

The sustained motive force also makes possible the use of the 
rocket principle for imder-water motion. 

The simplicity of the rocket projector means that in times of 
war training is no longer a very arduous task, and is completed much 
more quickly than with the conventional type of gun. 

It has been said that the greatest limitations upon rockets, as 
we know them, are their comparative inaccuracy, and the con- 
siderable illumination which they produce when fired. I am not 
in agreement with either of these strictures. We must look upon 
these two properties as characteristics of the weapon for some time 
to come, and our problem,iB to determine whether or not we can take 
advantage of them. In my mind at any rate, there is no doubt 
whatsoever that the oompfiratively large dispersion of the rocket is 
in many cases extremely advantageous. I feel that the gun, possibly 
Borprieingly, is much too accurate. The positions of most targcta 
axe hardly ever known accurately ; they are usually known to lie 
within a certain area on the ground or within a certain Volume of 
space. For targets such as these, the only weapon to use is one which 
has a wide dispersion— upon the principle that a shot-gun is used to 
shoot birds rather than a high-powered accurate rifle. If one has to 
view the problem dispassionately, one must rid one’s mind of the 
fistish of acouracy. One has to concentrate upon the conditions of 
problem as they are rather than upon the idealised ones which, 
Pp till recently, have been the concern of gunners. 

Then there is the question of illumination and flash, and the fact 
that very often the rocket can be seen rising through the sides 
gathering speed. Attempts have been made to produce types of 
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propellant which will not give rise to considerable illumination. 
I am not at all sure that this is a wise step. Psychologically the 
fact that one can actually see the approach of the projectiles which 
are known to be going to burst all round one is very imnerving, and 
the advantage in war lies with the one who can most unnerve his 
opponent. In this respect also the fact that rockets go more slowly 
than shells, and can be seen at the target end as ugly projectiles 
which are approaching, apparently inescapably, gives them their 
terror-making oharacteristios. The shell or the bullet which makes 
its presence felt only after it has arrived is, by comparison, much 
less terrifying. This has been confirmed by many prisoners of war. 

If the future holds another major war in store for us, then I feel 
that rockets will be used much more extensively than in the past. 
They will not supersede shells, but will take over many of their 
roles. The two forms of armament will supplement each other and 
will on the whole form an effective combination. The essential 
point involved in the use of rockets will be that, if their accuracy 
is not improved, they will have to be used in large numbers, and the 
cost of warfare will be even greater than in the past. Similarly, for 
long-range rockets, if their use in warfare is to be justified on some 
form of economic balance, countries will have to convince themselves 
that the net result justifies the expenditure of money and man-hours. 
On the whole I feel inclined to suggest that for many years to come 
rockets are not likely to be accurate, so that their use will hang upon 
the destructive power of their wSr heads. If the damage is localised, 
rockets are not likely to have an effective part to play in the ultimate 
decision. They will be, in the main, nuisance weapons of which 
the object will be to divert air forces from more effective use. 

Another point to consider is that, as t^he range is increased, the 
size of the weapon goes up very considerably. The increase is not 
directly proportional to the increase in range. For any ^>eoifio 
design it is probably somewhere nearer the cube of the range. As 
mi example, consider the German weapon V2 — a weapon of some 
12 tons was required for a maximum range of about 250 miles. If 
a weapon has to be designed to go 600 miles, the overall wmght is 
likely to be something of the order of 100 trais, and so on. There 
may even be a maximum range beyond which no weapon of this 
design can go. Here again the economics of warfare come forward 
as the outstanding faotot, and it is my hope that if the nations of 
the world cannot agree to live in amity, guided by principles of 
rdUgion or common-sense, then at least they will be forced to the . 
same mid by considerations of the cost of warfare. 

As far as peace is concerned, the use of the rocket system of 



SOME PROBLEMS OF ROCKET PROPULSION 431 

propulsion makes possible the realization of the world of fancy 
created by writers like H. G. Wells. It is not beyond the bounds of 
possibility that satellite ships will cruise over the surface of the world 
beyond the liouts of the earth’s atmosphere. It may possibly be 
that when we have solved the problems of this world those of the 
human race who wish to satisfy their urge to discover new things 
will find within the rocket system of propulsion the tool for their 
job. But that is looking somewhat ahead — there still are many 
problems to be solved on this earth, not the least of which is the 
arranging of conditions of life in such a way that nations no longer 
use war as a means of settling differences, so that the rocket system 
of propulsion will be used to satisfy only the peaceful needs of 
society. 
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Britain’s Water Supply 

In Great Britain the majority of the population is provided with 
a piped supply of water, which is generally sufficient in quantity 
and satisfactory in quality. The volume distributed daily by water 
undertakings is of the order of 1,600 million gallons ; of this some 
two-thirds to three-quarters is drawn from rivers, lakes, and other 
surface sources and the remainder from wells and boreholes. Of 
the water distributed to public supply, some (possibly one-third) 
is used in manufacturing processes. Very much larger volumes, 
however, are drawn by industry directly from surface or under- 
ground sources. Some of this water is used for purposes for which 
the quality is not of great importance ; for example, sea water and 
bracUsh water are used for cooling condensers. A considerable and 
increasing proportion, however, must be of good quality — ^in some 
industries it must conform to as rigid a specification as water used 
for drinking and in a few industries the specification may be even 
more stringent. 

Taken over the whole of Great Britain the volume of water 
available is more than sufficient to meet the needs of domestic 
consumers and of industry, though with the growth of large towns 
and industries it has become necessary in some districts to bring 
water from long distances and to construct reservoirs in which a 
reserve can be stored for use during dry periods. 

Sources of Pollution 

With the growth of population and industry, elaborate precautions 
have become necessary to prevent the available water from becoming 
so polluted as to be unsuitable for either domestic or industrial use. 
Of the water distributed by water undertakers the greater pcurt is 
finally discharged in the form of sewage. In a residential Strict 
this will consist mainly of liquids discharged from water closets, baths, 
and sinks of private houses, though if a combined system of 8ewen»ge 
is employed it will also include drainage from roofs and roads. 
Sewage contains coarse suspended matter, colloidal matter, and 
dissolved substances, mainly of animal or vegetable origin, toother 
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with soil and grit entering with the surface #ater. In most towivs 
it will also contain a certain proportion of waste waters from 
industry, including liquors from gas works, laundries, and the like. 
In an industrial district these trade waste waters may form a 
substantial proportion of the whole and may greatly alter the 
character of the sewage. For example, in areas in which there are 
many woollen mills the sewage may contain so large a proportion 
of wool grease as to make it profitable to recover it at a sewage- 
disposal works. 

Most of the water taken by industry is used in processes which 
pollute it to a greater or less extent. The less polluted is usually 
that used for cooling purposes, particularly for indirect cooling, 
when the only important effect on the water is to raise its tempera- 
ture. Most industries, however, include processes which cause 
profound changes in the water employed. A copper mill may dis- 
charge a liquid containing sulphuric acid and copper sulphate. 
Waste waters from gas works or coke oven plants may contain 
ammonia, phenolic substances, cyanide, thiocyanate, thiosulphate, 
and naphthalene. Many industries, including jam making, paper 
making, manufacture of yeast and alcohol, manufacture of beet 
sugar, and retting of flax, produce waste waters containing vegetable 
matter or substances dissolved from vegetable matter or resulting 
from its decomposition. Another large group of waste waters is 
discharged from the chemical industries. These may contain acids 
or alkalis and almost any organic or inorganic substances used in the 
processes of manufacture. The variety of industrial waste waters 
is in fact as wide as that of industry itself and the treatment and 
disposal of these liquids is a problem of the highest importance ; 
most of them must ultimately be discharged to rivers and streams, 
but at the same time supplies of pure water for domestic and 
industrial use must be maintained. 

Great Britain, no doubt because of the early -growth of her 
industrial system, and the fact that she is densely populated and 
has cmly small rivers to provide dilution for polluting liquids, has 
idways been a pioneer in this field. During the nineteenth century 
and the early part of the twentieth, a number of Commissions of 
sdenfaflo men carried out very important work on which the modem 
eystems of treatment of polluting liquors of all kinds are based, 
'nie last and most famous of these Commissions was the Bioyal 
Commission on Sewage Disposal which published its fiinal report in 
1 R 15 . A great deal of research has also been done by water-works 
attthoritieB, managers and chemists of sewage-disposal works, and 
indiistoy. Many of the problems, however, can only be attacked 
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by teams of workers, and in 1927 the Department of Soientifio and 
Industrial Research set up a special Board (the Water Pollution 
Research Board) to organize investigations on problems of pollution, 
particularly those of the greatest general interest to the community. 

Treatment of Water Suppubs 

Before discussing the methods which are used to treat polluting 
liquids it may be of interest to consider what can be done in a modem 
water works to render a water suitable for domestic supply. Some 
works draw their raw water directly from flowing streams or from 
underground sources ; others draw from reservoirs in which the 
water is stored. In the latter case the first problem which arises 
is to prevent as far as possible the growth of excessive numbers of 
algse, which cause trouble in the processes of purification and which 
when they die may give rise to tastes and thus render the water 
unpalatable. This problem, which requires the collaboration of 
algologists and chemists, has been studied extensively — in Great 
Britain particularly by the Metropolitan Water Board. It is known 
that a certain amount can be done to check the growth of alge 
by the application of such substances as copper sulphate, and that 
the design of reservoirs and the position of the outlets tihrough which 
the water is drawn off are important, but the problem has by no 
means yet been solved. 

Many waters, particularly from surface sources, contain material 
in suspension and this is usually removed either by simple sedi* 
mentation or by sedimentation a^r the addition of such coagulants 
as aluminium sulphate and sodium aluminate. Here the design of 
sedimentation tanks is important, and in recent years tanks have 
been introduced in which the water flows upwards through a blanket 
of sludge which filters out the suspended particles. Filtration 
through sand is often used to remove fine suspended matter ; this 
treatment also reduces the numbers of bacteria, and if applied after 
addition of a suitable coagulant will reduce the colour of water from 
peaty streams. ‘ In the older types of sand filter the rate of filtror 
tion was comparatively low and the filters required for a water 
supply occupied a large area. Modem filters usually operate at a 
much higher rate of flow per unit area ; periodically the flow of 
water through them is stopped and the suspended matter which 
has been filtered off is removed by forcing water, and sometimes air, 
upwards through the bed of sand. 

In some districts the water is softened, either by addition 
lime <nr a mixture of lime and sodium carbonate, or by the baee^ 
exehaoge process in which oalcinm compounds are converted to the 
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equivalent sodium compounds. Important requirements in water 
which is to be distributed are that it should not cause excessive 
corrosion and that it should not deposit large quantities of scale 
in pipes and fittings. Many natural waters are corrosive and these 
may be treated — ^frequently by addition of lime — ^with the object 
of bringing about an initial deposition of scale (consisting mainly of 
calcium carbonate) which will protect metal from further attack. 
Waters which deposit too much scale are usually treated by softening, 
but it may be necessary to take further measures to prevent blockage 
in pipes ; addition of sodium hexametaphosphate is one of the 
methods used. 

Finally, if there is any risk that the raw water may be con- 
taminated with pathogenic bacteria it is treated with disinfecting 
agents. Several methods of disinfection have been adopted ; they 
include treatment with ultra-violet light (not much used in Great 
Britain), with compounds of silver, with ozone, with chlorine, and 
very recently with chlorine dioxide. In this country the most usual 
method is addition of chlorine, sometimes in conjimotion with 
ammonia, which reduces the rate at which the chlorine is subse- 
quently lost from the water. Chlorination is also used to remove 
certain substances which cause an unpleasant taste ; for this purpose 
it is often necessary to use a comparatively large concentration of 
chlorine and to remove the excess (for example by addition of sulphur 
dioxide) before the water enters the distribution system. Another 
well known way of removing taste is by treatment of the water 
with«aotivated carbon or other adsorbent material. 

Although much can be done in these ways to improve the quality 
of a polluted water and to render it baoteriologically safe, there is 
a strict limit to the extent to which it is possible to use a contaminated 
water to yield a satisfactory public supply. If the water contains 
large amounts of organic matter discharged into it as constituents of 
sewage or trade wastes, it may well be impossible to treat it by the 
methods at present available to yield a safe and palatable product. 
Waters (xmtaining even minute concentrations of certain t3rpe8 of 
organic substances are particularly difficult to treat ; for example, 
phenol in concentrations which are almost undetectable by chemical 
means will give rise to noticeable taste when chlorinated. Moreover, 
a raw water which may at times contain pathogenic bacteria is 
always potentially dangerous, since there might be a breakdown in 
the processes of treatment and sterihzation which alone can make 
it safe for drinking. For these reasons great care is taken to protect 
as &r os possible the gathering grounds of waters which are used for 
publio supply, and it may be decided to bring impoUuted water a 
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long distance to a town rather than to use a near-by sonroe which 
is haown to be heavily contaminated. 

Tbbatmxnt of Skwaob 

It would be quite impossible to arrange for the distribution of 
safe supplies of drinking water unless polluting liquors were treated 
before discharge to streams. Of these liquors the most important, 
if only because of the great volumes discharged, is domestic sewage. 

One of the earliest successful methods of treating sewage was by 
irrigation on land specially reserved for the purpose. There were 
many variations in this process. Sometimes sewage was allowed to 
flow over sloping land ; or areas of flat land were flooded and liquid 
seeping through the top soil was collected in agricultural drains and 
discharged to ditches and so to a river. It was later recognized 
that the purification of the sewage depended not only on mechanical 
filtration, but on the decomposition of organic matter by biological 
action in the soil, and efforts were made to design plant in which 
these biological changes could be accelerated. From this work was 
developed the percolating filter which is now used at the majority 
of sewage-disposal works in Great Britain. In a modem works of 
this type the sewage is screened and is passed at a controlled rate 
of flow through a channel in which grit, washed in from roads, is 
deposited. It then passes through sedimentation tanks in which 
other solid matter, largely organic in character, settles out in the 
form of a sludge ; this is removed manually or, in the larger modem 
installations, by mechanical scrapers. • 

Disposal of the sludge is one of the difficult problems encountered 
at a sewage-disposal works. The older system, which is still used 
at many small works, was to run it on to under-drained beds of 
graded stone or other material with a layer of sand or ash at the 
top and to leave it until so much of the water had drained away or 
had been lost by evaporation that the sludge could be removed with 
a spade ; it was then dug out and very often dumped in another 
part of the wmrks. It is difficult, however, to de-water raw sewage 
sludge by this means and many methods of speeding up the proeess 
have been tried. One of the most successful, which was developed 
at the large sewage-disposal works at Birmingham, consists in allow- 
ing the raw sludge to undergo anaerobic digestion, when s gas con- 
taining about 70 per o«it. methane and about 30 per cent, oarboh 
dioxide is evolved ; the digested material can be dried on draining 
beds much more rapidly than the raw sludge. In large modem , 
works the digestion tanks are now heated to maintam a temperatuse 
of about 85** F. and sometimes the shidge is stirred during^ 
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digestion. The gas evolved represents a valuable ass^ and is used 
both for heating the digestion tanks and for driving gas engines^ 
which will usually furnish more than enough power to run the entire 
sewage-disposal works. At some works in Great Britain during the 
war, methane obtained in this way was oompressed and was used 
for driving lorries, and it has been used in South Africa for the 
synthesis of formaldehyde and cyanides. 

The liquid from which the sludge has been separated in the 
sedimentation tanks contains dissolved organic matter as well as 
much colloidal material. To remove this it is treated in percolating 
filters which consist of beds, usually about 6 ft. deep, of stone, coke, 
dinker, or other hard material, carefully graded in size — usually 
between in. and in. The settled sewage is distributed on the 
filters mechanically, very often by rotating sprinklers driven by the 
action of the liquid as it is discharged from horizontal jets. The 
purpose of the filtering medium is to serve as an extended surface 
to support the micro-organisms which are responsible for the de- 
composition and oxidation of the organic matter. A filter jnust be 
well ventilated at the bottom, since the processes which occur in 
it are essentially aerobic. The flora is very complex, difiPering in 
its detailed composition from one sewage works to another, but it 
usually consists of an association of bacteria and fungi. Biochemical 
changes occur very rapidly as the liquid trickles through a filter and 
comes into contact with the biological film. The time taken for it 
to pass through the filter varies according to the rate at which it is 
applied at the surface, but will usually be from perhaps 20 minutes 
to only 3 or 4 minutes or even less. During this time most o£ the 
cx>lloidally dispersed material is removed, the biochemical oxygen 
domand (that is the proportion of oxygen absorbed from solution in 
water when the liquid is mixed with water and incubated for 6 days) 
is reduced from perhaps 26 parts per 100,000 to 1 or 2 parts, and 
some at least of the ammonia is oxidised to nitrate. The effluent 
always contains orgaoio matter in suspension, but this-— which 
ooiuiists in part of the fasces of worms and other animals — ^may fairly 
rapidly be remored by sedimentation. 

In addition to the biolofidoal film adhering to the filtering medium, 
a ffltw also rxmtains a wide variety of other organisms, including 
worms, springtails, and the larvse of a number of species of flies. 
Uany of these organisms feed on the biological film, and it is 
aotios which is largely responsible for preventing a filter from 
becoming overgrown with fungi and bacteria and so becoming 
wbobodr 

^ V ’ A filtm; thus contains a balanced community of dififerent types of 
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organism, supplied witJi food at a rate much higher than would be 
the case in a natural habitat. Work is always in progress in an 
attempt to improve its efficiency — that is to induce it to remove yet 
greater amounts of organic matter from sewage without either 
affecting the quality of the treated liquid or causing so great a growth 
of biological ffim as to stop the passage of liquid through it. Several 
new methods of operation have been introduced during recent years. 
One of these is the process now known as alternating double filtra- 
tion. In this the liquid is passed first through a percolating filter, 
then through a sedimentation tank, then through a second filter 
and a second sedimentation tank. At regular intervals — generally 
dmly—the order of the filters in series is reversed. Trials with large- 
scale plant have shown that settled sewage can be treated, to yield 
an effluent of good quality, at a rate per unit volume of filtering 
medium two or three times that possible with single filtration. The 
reason is that if a single filter is overloaded the bacteria and fungi 
grow at a rate which is greater than that at which they can be 
removed by the fly larvae, worms, and other scouring organisms. 
With the high rate of treatment used in alternating double filtration 
the growth of film on the first filter is very rapid. On alternate 
days, however, this filter receives not settled sewage, but the effluent 
from the other filter. This effluent contains little assimilable organic 
matter and its effect is to cause the masses of fungi and bacteria 
to disintegrate and so to be washed out of the filter. 

Another problem of some practical importance in the operation 
of filters is that of nuisance from fiiefe. The larvse of flies (there are 
several common genera of which Anisoptis and Psychoda are the 
moat important) play an important part in feeding on the biological 
film, but in the spring and summer the adults sometimes emerge in 
such numbers as to constitute a public nuisance. No satisfactory 
methods of biological control have yet been put into prsufliioe, but 
recently considerable success has been achieved experimentally by 
treating filters with D.D.T. and Gammexane which, when appKed 
in controlled amounts, will kill the larvse of flies without killing 
springtails and worms which continue to feed on the biological film. 

Another process of treating sewage, which was developed at 
Manchester, is used at some works, In this the sewage passes first 
through sedimentation tanks to remove sludge and is then aerated 
by diffused air or by stirring it mechanically. Particles of activated 
sludge ” are formed, and these are subsequently removed in farther 
sedimentation tanks and are returned to the aeration tanks in 
amounts controlled so as to maintain a fixed concentration of 
activated edudge in the aeration tanks. The struotum of 



THE PEOBLBM OF POLLUTION OF WATER 430 

partioles of sludge is complex, but it is known that they contain a 
large proportion of bacterial zooglcese, which are mainly responsible 
for the biochemical changes leading to the decomposition and oxida* 
tion of organic matter in the settled sewage. One of the b^igest 
works of this type in the world was built just before the war to 
treat th^ sewage from West Middlesex. Some 60 miUion gallons of 
sewage are treated daily, the volume of compressed air used being 
about 60,000 ou. ft. per minute. Nearly million cu. ft. of gas are 
obtained daily from the sludge-digestion plant and are used for 
generating power for heating the buildings and digestion tanks and 
for operating vehicles. 

Tbbatment of Tbadb Waste Waters 

It has been mentioned that the sewage in some districts contains 
a high proportion of waste liquors from industrial processes. Dis- 
charge into the sewers for treatment with the domestic sewage of 
a district is usually the most satisfactory way of disposing of these 
wiustes, but is not always possible. There may be no suitable 
sewerage system accessible or the waste waters may contain sub- 
stances which would interfere with the treatment of the sewage. 
For example, some trade waste waters contain substances which 
inhibit biological activity and would thus reduce the efficiency of 
percolating filters or of the activated-sludge process. Research is 
constantly going on to determine the concentrations of such sub- 
stances which can safely be discharged to the sewers and to find 
means of removing excessive quantities fit)m industrial wastes. For 
example chromate, which in very low concentrations inhibits the 
oxidation of ammonia to nitrate, has frequently to be removed from 
waste waters before they are discharged from a factory ; this may 
be done by reducing the chromate to chromium salts, which are 
precipitated as the hydroxide and removed. 

The number of types of industrial waste waters treated in per- 
colating filters is always being increased. Not only is this method 
used f(» purifying liquids containing most tj^pes of organic matter 
of animal dr vegetable origin, such as those from, the food industries, 
but it has «dso been employed successfully for treating liquids con- 
taining substances which would not at first sight appear to be easily 
amenable to biological attack. Liquors from the manufacture 
yjaoose rayon, which contain mainly sodium polysulphides, are now 
dealt with in this way, and another waste water containing oresol, 
ammonia, and formaldehyde, discharged from the processing of 
{dieinol4<nnnald^yde resins, has been treated successfully in semi- 
aoala plant. 
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The methods used for treating industrial waste waters naturally 
vary very much with different types of liquor. For some few liquors 
the only practicable method is evaporation and incineration, and 
much ingenuity has been devoted to the development of processes 
for recovering valuable materials from liquors of this type. In the 
manufacture of alcohol from molasses a mixture of molq^nes and 
water to which nutrient salts are added is fermented and the ^cohol 
is distilled off. The residual liquor, which commonly contains about 
7 per cent, solids, is very polluting in character and is difficult and 
expensive to treat by biological methods to yield an effluent suitable 
for discharge to an inland stream. Many of the methods of disposal 
which have been proposed, and in some cases worked on a large 
scale, include concentration of the liquor in multiple-effect evapora- 
tors, the concentrated product being used as fertiliser or as food for 
stock. Other processes which have been used on the Opntinent 
include the dry distillation of the concentrate either alone or in 
admixture with alkalis. Among the products of decomposition are 
ammonia and amines which have been recovered as such or con- 
verted to hydrogen cyanide. Other products which have been 
recovered include potash, oxalic acid, betaine, and glutamic acid. 

Waste waters from some industrial processes are best treated by 
purely chemical methods. Cyanide, for example, is usually removed 
from waste waters from electro-plating by precipitation with ferrous 
sulphate or by treatment with chlorine. Waste washing waters 
from the pickling of copper can conveniently and often profitably 
be treated by passing them through a bed of scrap iron to deposit 
metallic copper ; the ferrous sulphate thereby formed is precipitated 
by addition of lime. 

For many liquors, however, the most economical methods of 
treatment are biological and include anaerobic fermentatimi, with 
collection and use of the methane evolved, and aerobic methods 
such as aeration and biological filtration. In applying these methods 
to a new type of industrial waste, it is always necessary first to 
detemine the (^imum conditions for biological activity, and then 
to take such measures in the factory as will 3 nield a liquid easily 
amenable to treatment. It has been shown that the waste waters 
from the manufacture of papor can be treated biologioally, provided 
that they do not contain too high a concentration of alkali washed 
from the pulp after the raw materials have been digested with 
caustic soda ; the developmmit (ff a satisfactory scheme of toeatmmit 
now depends on improting methods of washing the pulp so that as 
much as possible of the soda is removed in a (xmpavatively amall 
volume of water ; this can thmi be mixed with the spent aoda lye. 



THE PROBLEM OP POLLUTION OP WATER 441 

which at nearly all mills is oonoentrated and incinerated for recovery 
of soda. Waste waters containing high concentrations of organic 
matter usuaUy have to be diluted before they can be treated satis- 
factorily by ^logical methods under aerobic conditions. This is 
now usually done by using the final effluent from the treatment 
plant as diluting water, and it is important to ascertain for any 
particular waste the degree of dilution at which optimum results are 
obtained. 

It has, in fact, been realised during recent years that in developing 
a method of disposing of an industrial waste it is not generally 
advisable to start with the liquid which is being discharged from a 
factory and to develop a method of treating it ; a much better 
solution is usually obtained by first studying in detail the processes 
which give rise to the various constituents of the waste water and, 
if necessary, altering the factory processes so as to reduce the volume 
and strength of the waste produced or to exclude certain constituents 
of it. In some industries the cost of treating the waste waters 
produced in the processes of manufacture would be so great that 
alterations in the factory processes are the only practicable means 
of tackling the problem. This was the case in the beet sugar 
industry, where the waste waters from a factory of medium size are 
equivalent in their polluting effect on a river to the sewage from 
about 200,000 people. Plant to treat so polluting a liquid would 
be costly and the solution of the problem has been to reduce the 
volume of waste waters by re-using the liquors in the factory pro- 
cesses, leaving only a relatively small excess, which can be treated 
comparatively cheaply by biological means. 

EpPBCTS op PoiiLUTION ON SUBFAOB WATERS 

In a healthy and unpolluted stream, oxidation, by bacterial 
action, of organic matter washed in with the natural drainage is 
always going on, but unless the quantity of organic matter is un- 
uBui^y high the rate at which oxygen is absorb^ in the oxidative 
prooesses is no greater than the rate at which it is renewed by 
solution from the air. This picture is sometimes complicated, in 
streams ocmtaining growing plants, by the diurnal changes in output 
and intake of ox3rgen resulting from photosynthesis and respiration. 
Nevertheless it is true to say that the water of an unpolluted stream 
is normally substantially saturated with dissolved 0x3^0, and it is 
on l y under these aerobic conditions that the very varied flora and 
fiMtna of a dean river are found. 

The immediate effect of discharging to a stream sewage or indus- 
iiktl wastes containing )^arge quantities of oxidisable organic matter 
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is to cause a reduction in the concentration of dissolved oxygen in 
the water below the point of discharge. If the amount of organic 
matter added is excessive, conditions may become anaerobic, and 
methane, hydrogen sulphide, and other products of anaerobic > 
fermentation may be evolved. These changes affect very greatly 
the organisms, both plants and animals, living in the stream. 
Marked changes occur, for example, in the species and abundance 
of algse. Pollution by organic matter may lead to the growth of 
“ sewage fungus ” (a general term applied to a number of species 
of which Spheerotilus natans is the most important), which when it 
dies and decays usually causes further de-oxygenation of the water 
and may lead to evolution of hydrogen sulphide. Alterations in the 
fauna and flora also occur through the deposition of organic mud 
on the bottom and sides of a stream, the fauna typical of a clean 
stream giving way to a few bottom-hving forms mainly foimd in 
mod with a high organic content. Other changes are caused by the 
discharge of directly toxic substances, such as compounds of copper, 
which may inhibit bacterial activity and thus delay the decomposition 
of organic matter and may, in addition, cause profound changes in 
the composition of the flora and fauna. 

It is clear that pollution will have a serious effect on fish life. 

A fishery may be damaged in many w&ys — for example, fish may be 
killed by directly toxic substances, they may be driven away from 
polluted stretches of a river, they may be asphyxiated if the con- 
centration of dissolved oxygen falls below a critical value (which is 
higher the higher the temperature), or their food or spawning grounds 
may be destroyed by deposition of mud. A surprisingly large 
number of people are interested in the preservation of fisheries, some 
of which are of considerable economic importance, and much work 
is done to assess the effect of various polluting substances on them. 
It happens that the fish of greatest economic importance— the salmon 
— aw migratory and are committed to passing through an estuary 
durmg their first journey to the sea as smolts and thereafter during 
their passage to and from the spawning grounds in the upper reaches 
of rivers. Estuaries are often the site of manufacturing towns knd 
many British estuaries are badly polluted, with the result that the 
fish are unable to pass through them and the salmon fisheries are 
destroyed. 

It is often desired to determine the effect which existing pollution 
of a surface water is having on the quality of the water, on the 
distribution of plants and animals, and on the suitability of the 
water for use for some particular purpose, for example for domestic 
or industrial supply, for navigation, or for a fishery. A oommon 
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difficulty in this type of problem is that it is usually impossible to 
alter during the investigation the volume and composition of the 
liquids discharged, and the condition of the polluted water, therefore, 
has to be compared with that of another surface water which is 
unpolluted but otherwise resembles as nearly as^ possible the polluted 
water. An example of an investigation of existing pollution is a 
survey of the estuary of the River Tees which was carried out some 
years ago. It was known that the salmon fishery in the Tees had 
declined almost to vanishing point, and that many salmon were 
killed in passing through the estuary. One of the chief objects of 
the investigation was to determine the precise cause of the death 
of these fish so that the possibility of restoring the fishery could 
be assessed. 

An estuary is a much more complicated system to investigate 
than is a fresh-water stream. The salinity of the water varies 
continuously from the head of the estuary to the sea. Moreover, 
the movement of the water is mainly oscillatory (the amplitude 
depending on the tidal range which varies from day to day) and 
superimposed on this system is the seaward flow of fresh water. 
In the Tees estuary these conditions lead to a pronounced stratifica- 
tion of the water, sea water flowing upstream on the flood tide mainly 
at the bottom and fresh water flowing seawards mainly at the surface. 
It is, therefore, difficult to estimate the mean period during which 
material discharged into an estuary remains in it before passing out 
to sea. From a consideration of the volume of water in the estuary, 
the distribution of salinity, and the volume of fresh water entering 
at the head, it was estimated that the mean period taken to travel 
through the Tees estuary varied from 3 to 7 days according to the 
rate of entry of fresh water, and this estimate agreed reasonably 
well with results of observation of free-drifting floats. 

In its central reaches the Tees estuary at the time of the survey 
was receiving untreated sewage from a population of about 280,000 
and waste waters from a number of industries, of which the manu- 
facture of metallurgical coke and the pickling of steel were, as they 
still are, the most important. Domestic sewage is not directly 
toxic, a^Tid its main effect on a stream arises from its decomposition 
by biAlngjci^l action, which leads to a depletion of the oxygen dis- 
scdved in the water. The industrial wastes contain directly toxic 
substances and also absorb dissolved oxygen from the water. The 
rate at which these various polluting substances are oxidised in- 
(oeases with rising temperature ; during the summer in the central 
reaches of the estuary the concentration of dissolved oxygen fell 
to 10 per cent, of the saturation value or less, whereas in the coldest 
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weather Ibe minimum concentration was never much less than 
75 per cent, of saturation. Among the chief constituents of the 
waste waters from recovery of ammonia from coke-oven gas are 
ammonia, thiocyanate, thiosulphate, cyanide, sulphide, phenolic 
substances, and tar bases. Although most of these substances are 
toxic to fish in relatively low concentrations, it was shown (by 
fractionating samples of the liquors and determining the toxicity 
of the fractions under laboratory conditions) that toxicity in the 
estuary was likely to be due mainly to tar acids, of which about 
4,000 lb. were discharged daily, and to cyanide, of which the weight 
discharged was about 1800 lb. CN daily. The problem had thus 
been narrowed down to that of determining the relative effects of 
depletion of dissolved oxygen and the presence of the tar acids and 
cyanide in causing the death of migratory fish. In laboratory 
experiments, rainbow trout remained unharmed during a month in 
water with a mean temperature of 16-6° C. and containing dissolved 
oxygen equivalent to an average of 48 per cent, of the saturation 
value. Reduction of oxygen to a concentration of 20 per cent, was 
fatal after short periods ; the minimum lethal concentration in- 
creased with rise in temperatm-e. Of the direct poisons, cyanide 
in a concentration of 0-1 part per miUion was toxic at 6° C. in a 
relatively short period ; the toxicity increased linearly with tempera- 
ture, being doubled by a rise from 6° to 12° C., but was unaffected 
by changes in pH value between 6 and 8-6. The minimum con- 
centrations ofp-cresol, phenol, and 1-2-6-xylenol were approximately 
4, 6, and 7 parts per million respectively. The toxicity of all these 
poisons was increased by reduction in the concentration of dissolved 
oxygen. 

Salmon smolts were found dead in the estuary in large numbers 
between the middle of April and the end of June 1931. During 
this period water from the central reaches frequently contained 
toxic concentrations of cyanide, but the concentrations of tar acids 
were always well below the toxic limit. During the early part of 
the migration the temperature of the estuary water was about 
10° C. and the concentration of dissolved oxygen in the water in 
which smolts were found dying was from 70 to 76 per cent, of the 
saturation value ; up to the end of May no values of less than 
43 per cent, had been recorded. In early June, however, the 
concentration fell as the temperature of the water rose and values 
of 20 to 68 per cent, of saturation were found. Thus, during the 
first part of the migration the concentration of dissolved oxygen 
was too high to have been directly responsible for the deatih offish 
during the short time they were passing through the estuary, 
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thoagh at the end of the period .the deficiency was sometimes 
suffioientiy great to hare caused death. The deficiency throughout 
the migration was sufficient to increase the toxicity of any directly 
poisonous substances present. 

A series of 283 large samples of water, each taken in duplicate, 
was examined in the laboratory for toxicity to trout. In one sample 
of each pair fish were immersed and the period of survival was noted. 
To the other sample of each pair was added a small quantity of 
formaldehyde, which by combining with the cyanide to form 
cyanhydrin destroyed the toxicity of cyanide without affecting the 
concentration of dissolved oxygen or of tar acids. Of these 283 
samples 146 were non-toxic when taken. Addition of formaldehyde 
produced toxicity in 6 of these samples, 140 remaining non-toxic. 
In the great majority (130 out of 138) of samples which were toxic 
untreated, the toxicity was removed by addition of formaldehyde 
and was thus duo to cyanide. This finding was confirmed by 
observing quantitatively the colour of the gills of smolts found dying 
in the estuary. Tlje colour was markedly brighter than that of the 
gills of normal fish, and it had been shown in laboratory experiments 
that this brightening in colour always occurred when fish were 
poisoned with cyanide, but did not occur when they were poisoned 
with tar acids or when they were exposed to water containing low 
concentrations of dissolved oxygen. 

Conditions in the Tees could thus be summed up by saying that 
the large volume of sewage and industrial waste discharged caused 
a depletion of the concentration of dissolved oxygen in the central 
reaches, the extent of the depletion increasing with rise in tempera- 
ture, In hot weather the estuary would be impassable or nearly 
impassable to fish by reason of the deficiency of dissolved oxygen 
alone. During the spring, however, when salmon and sea trout 
smolts migrated to the sea, the deficiency was not usually sufficient 
to cause asphyxiation, though it would increase the lethal effect of 
direct poisons. The mortality was due mainly to the presence of 
cyanide discharged as a constituent of certain types of waste waters 
from coke ovens. 

The concentration of cyanide in such liquors depends on the 
details of the process employed for scrubbing the coke-oven gas, 
and some coke-oven installations discharge only negligible amounts 
of cyanide. The opportunity for preventing the discharge would 
come when the coke-oven plants on Tees-side are re-built, and indeed, 
ifinwA the investigation was made one of the largest installations in 
the world, designed to operate by processes from which there is no 
diwhaige of cyanide, has been erected near the mouth of the Tees. 
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An improvement in the position can, therefore, be expected as older 
plants are gradually replaced, though if the amounts of sewage and 
other oxidisable matter discharged are increased the estuary might 
be rendered impassable during the spring by reason of depletion of 
dissolved oxygen alone. 


Conclusion 

In many districts in which industry has been established for a 
long time the processes of manufacture were designed without there 
being any information on the effects which would follow from the 
discharge of the waste waters. The importance of preserving the 
purity of our remaining unpolluted waters is now well recognised, 
and when new industries are being planned the question of possible 
pollution and the steps which may have to be taken to avoid it 
are usually considered before the details of the manufacturing 
processes or the exact site of the factory are settled. Frequently 
the necessary information can only be obtained by the work of 
teams of chemists, microbiologists, engineers, .and bydrographers, 
with the active collaboration of industry and of water undertakings 
and sewage-disposal works. Research of this kind is often urgently 
required at the present time, when so many changes are taking place 
in the location of towns and industries. 
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Of all branches of biology, genetics, the science of heredity, is 
the most exact, entailing as it does the analysis of an organism into 
representative units. Geneticists have been able to carry out this 
analysis because they study the constitution of organisms in their 
simplest forms, as fertilised eggs. They do not, however, achieve 
this end by studying the zygote directly ; instead from observation 
of the adult characteristics of an organism, the phenotype, they 
have deduced the nature of the genotype : that is, the hereditary 
constitution of the organism. For the general purpose of studying 
heredity, the exact relationship between genotype and phenot5rpe 
has been little investigated. It is only necessary to assume that 
changes in the genotype produce correlated changes in the adult 
phenotype. From a wider point of view, the relation between 
genotype and phenotyfje assumes. a far greater importance. It is 
the keystone to the wliole problem of development. 

Development is an liistorical process, the unrolling of which is 
controlled by genes, and the whole story can only be told when 
the actions of the entire set of genes is understood. Between the 
genotype, defined as the collection of genes brought together in 
the zygote, and the final adult phenotype lies a complex system 
of developmental processes. To emphasise the relationship between 
the causal mechanisms at work during development and the mech- 
anics of the process, which the experimental embryologists have 
already revealed in part, the term epigenesis has been used. The 
supporters of the classical theory of epigenesis maintained that 
development involved the production of something quite new, 
a complex organism from a simple egg, the stress being laid on the 
origm of the complex from the simple. The modern interpretation 
^ of thm theory is that a pre-existing complexity, gen© organisation, 
is manifested in a complexity of a different order, the structure of 
the animal. With this modification goes the realisation that the 
final complexity is brought about by the interaction of the con- 
stituents of which the zygote is composed. In this sense, which is 
not exactly the classical one, development may be considered to be 
tepigsnetio in character. Furthermore, the use of the term epi- 
geuesiB lays stress on the dynamic nature of the phenomenon. 
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The study of the genetics of development, therefore, covers a 
wide field which has been attacked in recent years &om several 
different standpoints. Fundamentally, it is necessary to discover 
how a gene works ; to reveal, if possible, the chemical and physical 
Inactions which a gene sets in motion, and the mechanism by which 
this is accomplished. From a different level, the attack can be 
directed to what a gene does at certain stages of development ; 
how a particular mutant causes the developmental history to differ 
from the wild type. For the study of genetics is essentially a study 
of differences. Although this should be self-evident, it is not often 
realised that it is impossible to recognise a gene unless it exists in at 
least two forms. 

Thus, the method of action of genes during development may be 
discussed from several points of view. Firstly, it is important to 
find out how much is known of the substances produced by genes. 
Work of this type leads naturally to attempto to elucidate the 
composition and nature of the gene itself, which is a problem outside 
the range of this article, except where it may have a bearing on 
developmental reactions. 

Very recently, new evidence has accumulated which indioaterthe 
correlation between a gene and .certain known substances, such as 
enzymes. The work ofBeadle and Tatum (1941) on the asoomycete 
fungus, Neurospora, has demonstrated how the mutation of a single 
gene can block one step in the life process of the fungus, and from 
this the deduction follows that the mutated gene is responsible either 
directly or indirectly, through unknown precursors, for the pro- 
duction of the particular enzyme necessary to complete one step in 
metabolism. Neurospora can be grown on a medium of inorganic 
salts with a carbon source, such as glucose, and the growth factor 
biotin. From these it can manufacture all the substances it needs 
for growth and reproduction. Mutations can be brought about in 
Neuroepora by means of X-rays and ultra-violet light, and it is 
found that some of the mutants produced in this way are unable to 
five on the usual simple medium which is adequate for the wild 
type fungus. To discover the reason for this divergence from the 
normal, vitamins and other substances are added to the medium, one 
by one, until one is found which enables Nmroapom to grow. For 
example, the arginine cycle of Neurospora is very nitnihM* to that 
found in Mammals : ornithine is converted into citrulhne, then to 
argmine and thence, by the intervention of Hie enzyme arginase, to 
urea. Mutant forms of Newrogpora have been {noduoed whioh ate 
unable to synthesise arginine from citruUine, mod yet the aanteot 
form differs feom the wild type in respect iff mdy one gene^^^^ l^ 
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gene, in its wild type fom, must be responsible for the production 
of an enzyme which permits the conversion of arginine to citrulline. 
Similarly, two mutants are known which block the 83 mthesi 8 of 
citrulline from ornithine ; and other mutants are unable to manu- 
facture ornithine. Of the vitamins, all the B-group, with the 
exception of riboflavin and folic acid, are necessary in the physiology 
of the fungus, and mutants have been produced which are unable 
to B 3 mthe 8 iae these vitamins. For instance, a mutant strain is 
known which requires thiamin or thiazole for its normal grovrth. 
Another strain which needs thiamin suggests that the mutation 
has caused a block in the reaction which would normally join the 
thiazole and the pyrimide halves of the molecule. Again, the 
synthesis of tryptophane becomes blocked by the production of 
mutations in the wild type gene complex. From an analysis of the 
process, it appears that one gene is involved in the production of 
anthranilic acid and another is responsible for the conversion of the 
acid to indole, from which tryptophane can be constructed. This 
suggests that all these genes are concerned with some particular 
aspect of protein synthesis, either the manufacture of a specific 
enzyme or the precursor of an enzyme. In parenthesis, it is of 
interest to record that there are mutant forms of Neuroapora which 
do not thrive on the normal growth media and which cannot be 
made to grow even by the addition of any of the usual chemicals. 
It must be presumed that in these cases some step in unknown 
syntheses has been blocked. 

Workers (Lindegren, Spiegelman and Lindegren, 1944) on the 
synthetic properties of yeast have obtained similar results. Thus, 
the ability to ferment specific sugars such as sucrose, melibiose 
imd raffinose is inherited, and this ability to ferment a given sugar 
is dependent on the presence or absence of a specific enzyme. 

Another point at which genes and chemical substances show a 
relationship close enough to make it possible to suggest that the 
fenrmw are directly responsible for the production of the latter 
arises from the study of the blood groups of Vertebrates (Land- 
steiner, 1936). Blood groups were first discovered in 1900 by 
Landsteiner and, as a result of further work, it has been shown 
that htiman blood can be divided into four groups O, A, B and AB. 
These symbols denote the prosenoe of 4 specific agglutinogen, of 
protein ccHDstitution, in the red blood corpuscles. The ag^utinogens 
ftliiM< a«t*>rMitio of an individual are found to be intimately related 
to its genetic make up. Indeed, it has been found that agglutino- 
gims are inherited according to simple Mendelian laws. It appears 
leom the evidence that a one-gene to one-agglutinogen relatkmsh^ 
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obtains. It is perhaps legitimate to suggest that an agglutinogen, 
or at least that part of it responsible for its specificity, may be a 
direct copy of a gene. The same argument holds for other antigens, 
similar to the agglutinogens, which are found in the blood and tissues 
of Vertebrates. It has been foimd that the antigenic difierenoe 
between any two species is correlated with their systematic diver- 
gence determined on morphological grounds. Assuming that, in 
general, antigens are directly determined by genes, measurements 
of serological relationships should show the degree of relationship 
in terms of this particular category of genes. 

Other evidence of substances produced by genes comes from 
the work of Kimball (1942 and 1943) on the Ciliate, Euplotes pateUa. 
Six separate mating types, the three homozygotes and the three 
heterozygotes, are Imown in this organism, and it has been found 
that culture filtrates from the different types contain specific sub- 
stances which are responsible for conjugation reactions. An animal 
may be activated to mate by any of these substances other than the 
one or two which are specific to, and contained within, itself, a 
situation very similar to the antigen-antibody relationship. Breed- 
ing experiments with Euplotea suggest that the so-called “ sex- 
hofmones ” and genes are directly related. 

Examples of this type suggest the possibility of different genes 
producing substances of very different chemical constitution. So 
far, there is no direct evidence available to decide this issue, and tiie 
only conclusion that can be reached with safety is the rather vague 
statement that a gene’s primary function seems to be to direct the 
final configurations of protein molecules. Glene reproduction, prior 
to nuclear division, is of course only a special case of protein syn- 
thesis. Thus, assuming that each specific protein of the organism 
has its unique configuration copied from that of a gene, it should 
follow that every enzyme, whose specificity depends on a protein, 
should be subject to modification or inactivation through gene 
mutation. This has been seen to be the case in the examples quoted 
above. Tentatively, it may be assumed that the protein copied 
from the gene is either an enzyme or the precursor of an enzyme. 
Since aU genes appear to repr^uce at the same rates, to give an 
orderly duplication of whole chromosomes during mitosis, the 
deduction follows that all*the genes should produce protein moleouloB 
at the same rates. Yet differential production of enzymes appears 
to take place ; that is, some genes work faster or produce more tihan 
others. There is no one answer to this seenung oontradiotion, but ' 
there are at least three possible interpretations. It might be that 
the Mt4al substance produced by the gene is able to increase autP- 
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catalytioaUy and that different subatanoes increase at different 
rates in this manner, depending on their chemical constitution. 
Secondly, the difference may be due to the amount of precursor 
present in the cytoplasm or, thirdly, it may depend on extra- or 
Intra-cellular substrates. 

In a discussion on the role of genes in development this survey 
of the nature of the substances produced by genes may seem to be 
an unnecessary digression. It is, however, absolutely necessary to 
consider this chemical aspect of the genes for any understanding of 
the part which they play in development. If genes are the prime 
movers in development, they must produce, either directly or 
through intermediate steps, substances which can set in motion the 
complex processes which change a zygote into an embryo and thence 
into an adult organism. 

At present, it is impossible to lead smoothly from a discussion 
of the chemical nature of gene products to the nature of genic action 
in the production of, for instance, a neurula from a gastrula in a 
vertebrate embryo. There is as 3 ^t a gap between the two types 
of work, but it is a gap which has been narrowed markedly during 
the last few years. The experimental embryologists are beginning 
to supply information which is very suggestive of the t}^ of role 
which can be expected of genes in tbe early development of animals, 
particularly of the Vertebrates. 

Whilst some authors have cast doubts on the importance of the 
nucleus, and hence of the genes, in early vertebrate development, it 
cannot be disputed that, in most oases which have been thoroughly 
investigated, development for any appreciable time depends on the 
presence of a nucleus. This does not deny the importance of other 
considerations, such as cellular movements and the organisation of 
the cytoplasm of the unfertilised egg. Baltzer, SchOnmann, Luthi 
and Boehringer ( 1939) have shown that, when Urodeles are hybridised 
and the female nucleus is then removed, development, with the 
consequent haploid number of chromosomes, is abortive and usually 
ceases after the appearance of the lip of the blastopore. Braohet 
(1946) crossed a female Triton paimatm with a male Sakmandra 
maeulota and found that development breaks down at the blastula 
stage, due to a nuclear crisis with the apparition of abnormal 
mi towMi. If part of the epiblast of the hybrid is transplanted to a 
normal Triton embryo, the transplant differentiates normally 
according to the position into which it is grafted. The host appears 
to produce a substance necessary for morphogenesis which cannot 
be made by the hybrids, and the formation of this substance would 
to depend on the interaction of the nucleus and the cytoplasm 
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of the same Bpecies. Htoimerling (1934) working on the uni- 
cellular alga, AcetabvJaria, found that when the cytoplasm was 
deprived of its nucleus it retained its capacity to perform physio- 
logical functions, but cobid not undergo regeneration. It could 
respire and metabolise in order to carry on the day-to-day functions 
of life, but was incapable of manufacturing new proteins for its body 
substance. 

• Having established the necessity for the presence of genes in 
normal development, the next step is to find out, if possible, how 
they intervene in this process. 

Latterly, the activity of genes has come to be associated with the 
presence of nucleic acid on the chromosomes, and with the possibility 
of the presence of nucleic acid of a different constitution in the cyto- 
plasm. In 1910, Masing verified Loeb’s hypothesis on the amount 
of nucleic acid present in the egg of a sea urchin. He compared 
the virgin sea urchin egg with the blastula stage and found that the 
total amount of nucleic acid was the same, whether one or one 
thousand nuclei were present. Yet, cytologically, the nuclear 
content of nucleic acid increases visibly during this time. The 
virgin sea urchin egg gives only a slight Feulgen reaction, that is, a 
reaction indicating the presence of desoxyribose, or thymo-nucleic 
acid, localised on the chromatin, and the inevitable oonclusion 
seems to be that there must be in this egg another nucleic acid which 
does not give a Feulgen reaction. During the course of segmentation, 
the cytoplasm adjacent to the resting nucleus takes up toluidine 
blue, an indication that these regions are exceptionally rich in the 
nucleic acid recognised as ribose nucleic acid. Further work has 
shown that the nucleic acid of the virgin egg is largely in the form 
of ribose nucleic acid, scattered through the cytoplasm, and that, 
as segmentation proceeds, the ribose nucleic acid becomes ccmverted 
into desoxyribose nucleic acid situated in the nucleus, thereby 
altering not the amount of nucleic acid, but its distribution. We 
know practically nothing of the change from ribose to deeoxy- 
ribose nucleic acid, but the transformation may not be a diieot one. 

Brachet (1940) and Caspersson (1939-40) have shown that ribbse 
nucleic acid is fotmd abundantly in the cytoplasm of pancreatic 
ceUs, the Nissl granules of nerve cells, in young oocytes, cells under- , 
going active proliferation and also in the nucleoli. In fact, t^ere 
exists a diose relationship between the amount of ribose nucleio 
acid in a cell and its ability to perform protein synthesis (Oaspensson 

etoi., 1941 ). It seems likely that the ribose nudeoproteins of tlie ^cyto- 
plasm are responsible for the synthesis of the <^^p]aBiido iMMiteiiiSu 

This remark, standing alode, gives little indication of the eon- 
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neotion between protein synthesis and the genes. Daring the last 
few years, however, a great deal of attention has been paid to the 
stmotore of the chromosomes during cell division and during the 
so-oalled resting stage. It appears, from the work of many authors 
(Koltzoff, 1928 ; Signer,' Caspersson and Hammarsten, 1938 ; 
Schultz, 1941 ) that the chromosomes consist of a protein framework 
to which is attached, by chemical combination, varying amounts 
of highly polymerised desoxyribose nucleic acid. The nucleic 
acid is at its maximum density on the chromosomes during nuclear 
divisions, increasing visibly in the early stages of mitosis and 
raeiosis, and decreasing again during anaphase and telophause. As 
the desoxyribose nucleic acid content of the chromosomes increases, 
there is a concomitant decrease in the amount of ribose nucleic 
acid in the cell as a whole. This suggests that one form of nucleic 
acid can be converted into the other, a possibility that has already 
been noted above. 

The chromosomes are not homogeneous in substance, but have 
been shown to be made up of eucbromatic and heterochromatic 
regions. The euohromatic regions have been identified with the 
genetically active areas, and here the protein framework may be 
of a protamine type,* whilst the heterochromatic regions may be 
histone in structure (Caspersson, 1940 ) and are usually considered 
to be genetically inert (Heitz, 1933 ). During the resting stage, the 
heterochromatic regions retain more nucleic acid than do the euohro- 
matio parts. It has been shown, notably by Brachet ( 1942 ), that 
the chromosomes do not contain only desoxyribose nucleic acid, 
but, in addition to large quantities of it, a small amount of ribose 
nudeio acid is found in the heterochromatic regions. The other 
nuclear structure of particular interest in the present discussion is 
the nucleolus. Caspersson ( 1941 ) has shown that the nucleoli axe 
rich in ribose nucleio acid, and that there exists a relationship 
between the presence of large nucleoli and the amount of nuoleo- , 
protein in the cytoplasm. Nucleoli are well developed in growing 
oooytes, nerve cells, gland cells, cancer cells and embryonic cells, 
while absent from those cells, such as leucocytes, which do not 
qnatheeise proteins. 

There is, therefore, ribose nucleic acid in the cytoplasm and the 
nudeoli of cells engaged in protein synthesis and desoxyribose 
nnoleic acid, and a minute amount of ribose nudeio acid, on ohrmno- 
somes which are reproducing. Caspersson and Schultz consider 
that it is the heteroohromatm which is the region of the chromo- 
somse whidi controls the synthesis of nudeio acids. The tentative 
oondusions to be drawn from all these observations is that the 
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nucleic acids of the cytoplasm and the nucleolus play the parts of 
intermediaries between the heterochromatic regions of the chromo- 
somes and the proteins of the cytoplasm. 

Another line of work brings evidence of the presence of ribose 
nucleic acid in the cytoplasm. Claude (1938-40) showed that, 
when a bird tumour is ultracentrifuged, small particles are seen, 
with the aid of an ultramicroscope, and the particles consist of 
ribose nucleoproteins and are infectious. Stem (1939) showed the 
presence of similar granules in cardiac muscle, and Brachet and 
Jeener (1946) have obtained them from diverse vertebrate organs, 
from Invertebrates and from yeast cells. Their abundance is 
directly proportional to the amount of ribose nucleic acid in the 
organ, calculated by different methods. In fact, in adult organs 
practically all the ribose nucleic acid appears to be associated with 
these “ granules,” whilst in the amphibian egg Brachet and Chan- 
trenne (1942) found that the “granules ” contain only 20-40 per 
cent, of the total ribose nucleic acid content, the remainder being 
found free in the c 3 dopla 6 m. Aissooiated with these “ granules ” 
are found peroxidases, indophenoloxidase and various other enzymes 
such as phosphatase, amylase, ribonuclease, cytochromoxidase and 
suocinodehydrogenase. These “ granules,” therefore, would be an 
ideal site for protein synthesis, containing as they do all the neces- 
sary enzymes for the assurance of oxygen, etc. The close connection 
between the presence of ribose nucleic acid and the manufacture 
of the cytoplasmic proteins makes it appear very likely that the 
nucleic acid is concerned in protein synthesis. This supposition 
‘ is strenthened by what has already been seen of the work on Neuro- 
spora, but as yet there is no very good evidence of the exact nature of 
the reactions which are involv^. Chantrenne (1946) has suggested 
that the nucleic acid precipitates the products of synthesis of the 
proteases, so that the enzyme equilibrium would be constantly 
shifted in the direction of more synthesis. But this is no more than 
a speculation. 

' The evidence then indicates that the nucleus is necessary for 
normal development, in that it is concerned in protein synthesis, 
and that it is the ribose nucleic acid, which has been proved to 
occur in the cytoplasm of active cells, which is in some way involved 
in this protein synthesis. 

, So far in the discussion, the developing zygote has only been 
permitted to make proteins, and the whole question oS how a zygote 
is organised into an embryo and finally into an adult* has yet to be 
considered. In what way are the genes concerned in the fiuidamenfeal 
processes of evocation and induction? 
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It has been known for a long time that all manner of substances 
will cause evocation in vertebrate embryos, substances as for apart 
as broken glass and sterols. Methylene blue and thiols will cause 
neuralisation of ectoblast tissue ; and it has been shown that it is 
sufficient to kill a portion of epiblast to make it take on inducing 
powers which it did not normally possess. In fact, active substances 
of induction ara widespread : abundant in Vertebrates, less so in 
Invertebrates, and recently proved to be present in plants and 
yeast. 

Fischer et al. (1935) showed that nuoleoproteins of thymus, 
pancreas and liver are very good inducers even after they have 
been purified and separated from the lipides which might con- 
taminate them. They are, however, only effective if injected 
directly ; carrying them in agar immediately reduces their effi- 
cacy. At much the same time workers in Cambridge (Waddington 
and Needham, 1936) had reached the conclusion that a sterol was 
the responsible agent of induction. Induction by regions of killed 
gastrula tissue, by sterols, dyes and nuoleoproteins must, in some 
way, be reconciled. 

It seems that most of these agents may bring about a denaturing 
of proteins, which inevitably leads to a rise- in the proportion of 
— SH groups. Sterols and acids, which are catalysing agents, 
might well provoke such a denaturing and subsequent increase 
in — SH groups. Holtfreter (1934) has shown that young oocytes 
of Batrachians are better evocators than older ones and that these 
young cells contain more — SH groups than the older ones. But, 
if it is — SH groups which are responsible for evocation, it is peculiar 
that substances such as coagulated white of egg, cystein and gluta- 
tMon have proved useless as evocating agents. Brachet and 
Bapkine (1939), on the other hand, have shown that blocking of 
the — SH groups does not cause any disappearance of evocating 
ability. In embryos where the — SH groups have been blocked 
by iodoaoetamide or ohloropiorine, a notochord is formed and 
normal somites, but the nervous system remains rudimentary and 
often incompletely closed. The — SH groups appear to play some 
part in the normal development of the nervous system, but they 
are clearly only part of the story. It has been shown that proteins 
rich in — BH groups, found in the eggs of Amphibians, are closely 
asBodated, from both a morphological and a biochemical point of 
view, with nucleic acid. If it is the nucleic add which is the active 
principle, rathar than the — SH groups, this would explain why 
white df egg and ^utathion are of no use as evocating agents, for 
Hiey do not oontam nudeio add. To investigate this possibfiity, 
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Braohet (1942) has worked on the correlation of nucleic acid with 
morphogenetic- potentiality. He found, for instance, that heat 
treatment, which killed the inducing agent, also removed the ribose 
nucleic acid. In fact, the resistance to heat of nucleoproteins and 
of' inducing agents proved to be identical. He also implanted 
fragments of dead tissue which had been deprived of their ribose 
nucleic acid, by treatment with ribonuclease, into other amphibian 
embryos and found that the number of inductions fell significantly 
from 60 per cent, in the controls to 20 per cent, in the treated 
embryos. With pure ribose nucleic acid, the experiment was even 
more dramatic, the number of inductions falling from 46 per cent, 
with the pure acid to 0 with the treated acid. Presumably in the 
first experiment there was a certain amount of contamination of 
the acid which would account for the few inductions , which were 
produced. 

It has been known for a long time that the pronephros of 
Amniotes never forms a functional kidney, but that it is essential 
for the formation of the later kidney, inasmuch as it iiinotions 
as an inducing agent. The pronephros possesses morphogenetic 
properties which are intermediate in power between those of the 
Semitic mesoderm and those of the lateral plate mesoderm. 
Recently (Yamada, 1939), it has been shown that the pronephros 
occupies this same intermediate position in respect of its ribose 
nucleoprotein content. 

It seems that dead tissues owe their evocating power to their 
ribose nucleic acid, but that, when they are implanted into the 
host, they only gain evocating activity when the nucleic acids have 
been attacked by that host. For instance, in 62 Diacoglosaus 
embryos, riot one case of induction was found without a fall in the 
content of the nucleic acid of the graft being recorded (Braohet, 
1945). This evidence, taken with that of Fischer and his colleagues, 
- brings the nucleic acids to the fore in yet another light. Ribose 
nucleic acid forms some part of the evocator-inducing process which 
brings about the normal development of an embryo, and ribose 
nucleic acid is associated with the desoxyribose nucleic acid of the 
chromosomes. It is probable that it is not the ribose nucleic add 
itself which induces the formation of a nervous system, but, more 
j^bably, the add is hydrolysed under the aotioh of the host ribose 
nudeases, and it is the simple nucleotides, which are released in 
consequence and, being soluble, might be the causative agents. 

, To sum up the preceding paragraphs, most oases of evocation by 
miscellaneous substances can be accounted fw on the basis of 
hydrdysis of the nudeio adds. The nndeotides, Ibnned hi tbiB 
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way, intervene in the synthesis of ribose nuoleoproteins, and these 
in turn elaborate new proteins, and an organ is formed. 

Since ribose nuoleio add appears to play a fundamental part in 
morphogenesis, it may be that the short and abortive development 
of amphibian larvn, deprived of a set of chromosomes, is due to the 
inhibition of the synthesis of ribose nucleoproteins. Hybrids, pro^ 
duoed as described above and examined for nucleic acid content, 
show that, at the time when development ceases, the synthesis of 
ribose nucleic acid has also ceased. This synthesis becomes normal 
again, as does the development, when a portion of the abnormal 
larva is grafted into a normal host. For Invertebrates, Caspersson 
and Schultz (1938) have shown that the synthesis of ribose nucleo- 
proteins in the oocyte of Drosophila is conditioned by the constitution ■ 
of the nuclear chromosomes. 

At this point the problems of cellular differentiation may be 
mentioned briefly. The ribose nucldo acid content of a cell increases 
rapidly in each organ as it forms and subsequently diminishes 
when cytological differentiation is complete. For instemce, the 
notochord increases rapidly in nucleic acid content during its forma- 
tion and then loses its acid when the cells become vacuolated. 
Organogenesis proceeds hand in hand with the synthesis of ribose 
nuoleoproteins, probably connected with the production of specific 
proteins. When differentiation is complete, the ribose nuoleio acid dis- 
appears and the proteins characteristic of each oi^an have been made 
and the synthesis slows down. A study of the “ granules ” isolated 
from different adult organs shows them to be chemically and serologi- 
cally distinct, which suggests the further possibility that these sites 
of ribose nuoleio acid activity become modified in the course of 
development. Thus, the specificity of cells and tissues probably 
depmrds on their content of specific proteins which are laid down 
under the influence of ribose nucleoproteins during organogenesis. 
There is as yet no direct evidence of the prime cause of this protein 
specificity or of “ granule ” specificity. 

The net result of the work of the experimental embryolc^ts 
on the very early stages of development shows, therefore, that 
genes are able to bring about certain fundamental changes, such as 
evocation or individuation through the activity of ribose nucldo 
acid, which is located in the cytoplasm and manufactured in some 
way from the desoxyribose nucleic acid characteristic of the chromo- 
somes. No work has yet been done on the effect of inkoduoing 
imitant genes and studying the differences which they cause in 
normal devdopment at this esarly stage of vertebrate embryology. 
The aobjeot has not reached a stage of such pteoidon. It merely 



SOISKCB PBOOBE8S 


458 

demonstrates the anay in which the nucleus, or the whole gene 
complex, sets about its general task of producing a normal embryo. 

Such a comparative study of genes and development has been 
carried out by other workers in recent years. The attack has 
been on a rather different level from that of the experimental 
embryologists. Mutant genes have been introduced, one by one, 
into an otherwise wild type complex and the developmental differ- 
ences between the two have been studied. _ The mutants studied 
in this way have been those whose effects become apparent at a 
comparatively late stage in ontogeny and whose effects are on one 
or a few organs of an animal or plant. By stud 3 nng such late 
acting genes, the developmental pattern is only slightly altered and 
the organism reaches maturity. As more is known of the effects 
of these comparatively superficial mutants, the study will pre- 
sumably be pushed back to the earlier stages of development to 
meet the problems of the experimental embryologists. 

Attacks from this angle have been made by many workers, 
particularly on the development of the eye pigments in normal and 
mutant forms of Drosophila, and also on the colours of flowering 
plants. Experiments by several authors, notably Ephrussi (1938 
and 1942) and Beadle (1939) have revealed a complex chain of chemi- 
cal events leading to the production of the normal red eye in the 
wild t 3 rpe Drosophila rmla'nogaekr. Before the synthesis of the 
red pigment can start, it has been shown that the substance tr 3 rpto- 
phane must be present in the body of the animal. Recent work 
(Tatum and Haagen-Smit, 1941) suggests that this initial requisite 
is obtained, for the most part, from the food on which the larva 
feeds. The tryptophane becomes changed, by the action of the 
wild type allelomorph of vermilion into a-oxytryptophane and thence 
to hynurenine, the vermilion substance. Once more it must be 
stressed that the only reason for supposing the existence of a gene 
is the fact that it may exist in more than one form, and this is wdl 
brought out in a study of eye pigments. There is no specific name 
for the wild type gene which gives rise to kynurenine, and its 
existence would not be known if it did not have a mutant allelo- 
morph vermilion which alters the course of development of the 
{Hgmentation. The result is that the indication of the existence 
of such a gene can only be given by the rather cumbrous phrase, 
wild type allelomorjdi of vermilion, denoted by the 83 nnbol 
The kynurenine, or substance, is diffusible throughout the body 
of the larva and pupa, but it must be absorbed before the seventfeUi 
hour after pupation. This diffusibility has been demonstrated 
by injection of lymph from larva to larva, and also by the technique 
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of transplantation between larvae, which has proved to be an in- 
valaable method for the study of certain genetic effects (Ephrussi 
and Beadle, 1936). For instance, the gonads of the larvae are 
comparatively easily distinguished and are unattached to ducts 
during their larval period. The gonad alone can, therefore, be 
removed from the larva and transplanted into a new host. During 
pupal life the transplanted gonaKl makes connections with the 
gonadal ducts, and a fairly high proportion of the operated animals 
survives to maturity. Thus, flies can be produced whose gonads 
differ from the soma in respect of one or more known genes. Other 
organ rudiments, such as eye discs, can also be transplanted in 
this way. 

Having established the part played by the v'^ gene in the 
development of the normal eye, it should be remembered that if, 
instead of the wild type allelomorph of vermilion, the vermihon 
mutant itself u present, the eye pigmentation follows the path 
leading to the production of vermihon eyes and not to the wild type 
colouring. 

The next gene to be concerned in the process is the wild allelo- 
morph of cinnabar, the c«+ gene. The presence of this gene 
causes the kynurenine to be converted into a chromogen, the 
substance. It can be shown, by transplantation of eye discs from 
one host to another, that the substance formed by the cn'*' gene is 
of a kind that will permeate the body of the organism. The chromo- 
gen then becomes converted to the definitive red pigment by the 
activity of the wild type allelomorph of brown. All that is known 
of the nature of the red pigment is that it is of low molecular weight, 
probably forming a protein complex, and that it shows pH and 
oxidation-reduction colour changes. Other gene-controlled reactions 
must contribute to the sequence leading to brown pigmentation. 
It is known that the production of this pigment cannot be brought 
about if either the scarlet or the cardinal wild type genes are not 
presmit. The chemistry of the production of this brown pigment 
is not jret understood, but it does appear to be manufactured from 
the substance, as has been seen to be the case in normal red 
eyes. The scarlet and cardinal wild type genes must intervene 
aftw the functioning of the substance, because flies of both 
mutant types produce both kynurenine and en'^ substances. 

Although this pigmentation is strictly confined to one organ, the 
insect’s eye, the precursors of the final pigment are, m fact, ' 
diffused throughout the organism during its early developmental 
history. Even so, it must be realised that the final effect is a 
strictly localised one : the production of red pigment in the eye 
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and in the eye alone. To convert the preoureors into definitive 
pigment in one place only, there must be a dependence on some local 
reactivity of the organ, and tiiis reactivity most ultimately be itself 
under the control of genes. There must, therefore, be genes whose 
effects are strictly localised, though it is difficult, at present, to see 
which these genes are. This example shows clearly the correlation 
between one gene and the production of a specific chemical substance 
which was discussed earlier. 

Many workers (Lawrence, Scott-Moncrieff and Sturgees, 1939 ; 
Robinson and Robinson, 1939) have shown a similar correlation 
between the activities of genes and the production of specific 
substances in studies on the colouring of flowering plants. Most 
of the water-soluble red, blue and yellow pigments found in flowers 
are anthocyanins or related oompoimds. In the sweet pea, LtUhyrua 
odoratuis, the pigmentation is dependent on the presence or absence 
of anthocyanins and anthoxanthins. It has been £>und that two 
complementary dominant genes are necessary for the production 
of anthoxanthins in this plant. If either of the genes is present in 
a homozygous recessive form, no anthoxanthin is manufactured. 
For instance, the genes called copper and maroon suppress all the 
anthoxanthin production, without, however, inhibiting the manu- 
facture of anthocyanins. Similarly, the presence of anthocyanins is 
dependent on two complementary factors, and the genes mauve 
and picot^e reduce the amount of anthocyanin, whilst allowing 
an increase in the amount of anthoxanthin. Robinson postulates 
that both anthocyanins and anthoxanthins have a common origin. 
It is an observed fact that there exists an inverse quantitative 
relationship between anthoxanthin and anthocyanin pigment t 3 rpea. 
If one is increased through gene substitution, the other is observed 
to decrease. Modifications of the anthocyanins, once they have 
been produced, can be brought about in a variety cff ways, dependent 
on. the genot 3 q>e of the individual plant. For instance, anthooya- 
nins are pH indicators and the acidity of the oeU sap is under the 
control of genes. In all cases, more acid cell sap is dominant to 
the less acid condition. This difference of pH is of the order of 
one-half to one pH unit, and it is interesting to find that the change 
in acidity is strictly localised within the petals, a condition analogous 
to the local production of pigment in the eye of DroaophUa. Work 
m this field seems to support rather strongly the hypothesis that 
each gene functions primaifly in the control of one specific ohexnioal 
reaction. 

The implications of the last two exampleB will be apparent. 
The activity of a particular gene depends on its zelationsMp with 
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all the other genes which go to make up an organism. . The spatial 
intar-relationship has been stressed many times. It is the gene 
complex which is of paramount importance, not any particular 
gene considered in isolation. The study of developmental effects 
has brought out very forcefully the temporal relationships which 
are involved in the production of a definitive adult. The working 
of any particular gene will depend, not only on its spatial relation- 
ships with the other genes, but also on its position in the time 
sequence of development. The gene will only be able to work 
within the framework imposed on it by what has gone before, and 
on what it does will depend the workings of those genes which come 
into action at a later date. 

A very beautiful example of the far-reaching effects of one gene 
which oomes into action early in development has been described 
by Griineberg (1938) in mice. One gene, the “ grey-lethad,” brings 
about a lack of -yellow pigment in the fur and a failure of the 
absorption of bone, which is the normal accompaniment of growth. 
This failure of bone absorption involves a whole set of secondary 
consequences. The minerals of the body are rendered immobile, 
looked up in the bones, and cannot, therefore, be used for growth 
in the normal way. As a result of this, the teeth are incompletely 
calcified and unable to masticate solid food. Lack of bone ab- 
sorption also leads to pressure on some of the nerves, particularly 
those of the lower jaw, and this interferes with the normal suckling 
reactions, so that the animals show less inclination to take milk 
from the mother than the normal. The “ grey-lethal ” mice, 
therefore, show signs of starvation, and the animals die either before 
weaning, through lack of milk intake, or, if they survive this period, 
they die as a result of starvation due to their inability to eat solid 
food. The network of the gene complex has been disturbed by one 
gene at an early stage of ontogeny, and this instance illustrates 
the far-reaching effects which such a disturbance may have in the 
subsequent development of the animal. 

On the other side, there is the study of one organ and the many 
genes which affect it, as has already been seen in the brief des- 
cription of eye pigmentation. This was largely the transformation 
of one type of chemical substance into another, but there are other 
examples, in which the action of a gene cannot be so closely tied 
with a chemical reaction, but which do throw lighlT on the effects 
of genes in development, and are, therefore, worth considering in 
some detail. 

The first step is to describe what can actually be seen during 
the nonnal development of the organ under consideration, and thmi 
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to study the divergences from the normal which occur when a 
particular mutant gene is substituted for the normal. Wing 
development in Drosophila has been subjected to just such a minute 
analysis (Auerbach, 1936 ; Dobzhansky, 1929 ; Goldschmidt, 
1936 ; Waddington, 1940). During the normal development of 
the wing, the first visible sign of a rudiment is that of the imaginal 
wing bud which can be seen near the dorsal surface of the larva. 
During the last larval instar, these buds become folded and form 
into hollow sacs. At this juncture the larva becomes quiescent 
and develops a puparium, or hard skin, around itself, and it is 
during this apparently inactive period that most of the wing de- 
velopment takes place. The wing sac becomes everted, as though 
the finger of a glove were turned inside out, and the wing surfaces 
come to lie close together, except for a few hollow spaces in which 
the blood lacunae run. Following this, the whole surface of the 
wing expands. This expansion is brought about by an actual 
change in shape of the cells, all the cells becoming flat instead of 
rather cubical in shape. At the same time, the cells divide rapidly 
to give an increase in the whole surface area. If a study is made 
of the development of the wing in a Drosophila which bears in its 
gene complex the mutant gene for narrow wings, it is found that it 
is at this point in ontogeny that the normal processes are modified. 
In fact, the cells of the wing divide more rapidly in the direction 
parallel with the long axis of the wing than they do in a transverse 
direction. Conversely, the mutant gene for broad wings causes the 
cells to divide more rapidly across the long axis than parallel with 
it. Once this diSerential cell division has taken place, the wing 
is, as it were, committed to taking on a narrower or broader form 
than is usual. 

Next, chitin is formed on the wing, chiefly round the edges, and 
then the whole wing contracts slightly, and the blood Umunae, 
which are now visible, are the first appearance of the sites of the 
final wing veins. The longitudinal veins are formed first, and 
later the cross veins can be seen as the last vestiges of the wing 
cavity. There is a mutant gene known as cross-veinless, whose 
effect is to' produce a definitive wing in which the posterior cross 
vein is absent. A study of the development of an individual 
bearing the gene cross-veinless shows that, instead of the last 
cavities persftting after the long veins have been formed, the 
central cavity, which might be expected to become the posterior 
cross vein, vanishes at this stage. It can be said, therefore, that 
at thib moment, about SO hours after the formation of the pujiaiium, 
the genetic make-up of the individual determines whether it min fee 
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with or without the cross vein. The sensitive period, that is the 
period during which a gene can exert its influence, of the two mutants 
narrow and cross-veinless is very different, a matter of about 20 
hours. 

Following on the formation of the definitive veins, the wing 
expands again, by an enlargement of the cells, probably due to the 
ta^g in of a quantity of water, and the adult cbitin is laid down. 
Now, as the wing expands, it sometimes happens that small cavities 
persist in various parts of the wing, and chitin is laid down where 
the cavities persist, so that a fly emerges with extra bits of vein 
material. This condition has been given the name of plexus and 
it is exactly this persistence of cavities which comes about in 
individuals bearing the gene for plexus. 

Finally, the adult fly emerges from the pupal state and, when it 
does BO, its wings are at first folded and damp. The internal 
pressure and the movements of the body cause the fluids from the 
wing to be withdrawn and the wing dries out and unfolds. This 
normally gives 'rise to a straight, flat wing, but if the individual 
bears the mutant gene for Curly the wing does not dry out into a 
flat plate. Instead, an undue contraction of the upper surface 
causes the wings to become curled upwards. The opposite holds 
true for the mutant curved, in which the wings curve downwards 
over the body. 

During the first 48 hours of pupal life, the wings undergo at t 
least fifteen different processes, of which only a very few examples 
have been sketched in here. Each process has been shown to be 
affected by some known gene. Each gene has its place in the 
spatio-temporal network, which causes the development of an 
organ, in this case, a wing. 

These natural experiments, or observations, have been checked 
by experiments of a more conventional kind. A series of operations 
hM been performed on the developing wing by Lees (1941) using 
fine glass needles. Operations at an early stage after pupation 
(8-6 hours) produce very characteristic round, short wings. The 
operation proves to have inhibited the cell multiplication which 
normally takes place at this time, and this upsets the differential 
growth rates of the cells. This cell multiplication was «diown in 
^e earlier obsemdiioxui to be the cause of a change in the proportions 
of the wing. 

Other confirmatory evidence comes from the work of Sung- 
Yfln Ma (1943) on the effects of temperature shocks on the pupae 

DreropAtia. Normal Drosophila pupae, submitted to a high 
tonperatuxe, 40° C., for about 2 hours do not all achieve normal 
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development. A certain proportion of flies, with a wild type 
genotype, emerge with narrow, cross-veinless or plexus wings and 
many other variations. This effect simulates the efiect of a mutant 
gene and is known technically as a phenocopy. The changes 
brought about in this way are not mutations, for they are not 
inherited. The result of such treatment depends on the time at 
which the pupae are heated. In the early hours of developmeirt, 
around 10 hours after puparium formation, treatment results in a 
few flies with narrow or broad wings. Pupae treated later in life 
give rise to a certain number of adults with plexate wings, but 
never to flies with narrow or broad wings. It is apparently too 
late at this stage to affect the cell divisions. The time at which 
the maximum number of narrow wings appears, by means of this 
treatment, is the time at which cell division and expansion is taking 
pUce. Presumably the high temperature causes difierential cell 
division or expansion of the wing cells, as was seen to be the case 
with flies carrying the mutant gene for narrow. 

■ As another example, consider the genes in IProaophUa which 
affect the development of the bristles on the thorax (Lees and 
Waddington, 1942). The first stage of normal bristle production 
is concerned with the determination of the bristle cell. Some time 
during pupation, cells are set aside which will form the bristles and 
their sockets. These cells divide to give trichogen cells which will 
secrete the bristles themselves, and the tormogen cells, which form 
the sockets round the bristles. The trichogen cell lies under the 
tormogen cell when the two come to lie near the surfooe of the epi- 
thelium. The cells are difficult to identify before 21 hours after 
puparium formation, although by 30 hours the bristle is already 
distinguishable and its growth is completed by 56 hours. 

If the gene for split bristles is introduced into the gene complex, 
the normal process is modified during the early stages. Chrono- 
logically, the first process to be affected is the division of the cells 
set aside for bristle production. Some time before 16 hours after 
pupation (the exact time has not yet been determined) both the 
tormogen and trichogen cells undergo an extra division, to give 
groups of four, instead of two, cells. In some cases, these four 
cells may lie rather further below the surface of the epithdinm 
than is usual, in which case they remain small and do not secrete 
either bristle or socket. In other oases, they may arrive at the 
surface normally and two secrete bristles and two form sockets, so 
that two bristles, complete with sockets, appear in the adult in a 
position normally occupied by only one. llie next important step 
in bristle production is the arrangement of the kiohogen and tocsno- 
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g«a cells in relation to one another. Normally, the triohogen 
cell lies tmder the tormogen cell, but in split, as a result of abnormal 
arrangement, one bristle and a socket made up of three parts may 
appear. One only of the four cells has become a bristle producer, 
whilst the other three have presumably come to lie above this cell 
and manufactured sockets which coalesce to give one tripartite 
structure. To determine the sensitive period for split, that is the 
time period within which the extra division must take place, the 
temperature shock method can be used. It appears that this 
division takes place usually in the very early hours of pupation and 
that after 21 hours the sensitive period is over. In other words, 
during this time, an abnormal environment may cause an extra 
division, with the consequent different developmental sequence. 
Once this division has occurred, the line of development is pre- 
determined within certain limits : any number of other factors 
may alter the size or shape of the bristles, but the path towards a 
double, or split bristle has been chosen irrevocably. 

The next stage in normal bristle formation is the enlargement of 
the trichc^en cell. It becomes very large by the accumulation of 
cytoplasm within itself, which is eventually pushed out of the cell 
as a bristle, whilst the tormogen cell secrel^ a socket round it. 

The growth of the bristle is, as would be expected, under the 
control of genes, and several mutants are known which alter the 
growth rate at this juncture. In the mutant spineless, both the 
large bristles (maorooh«et») and the small ones (microchsetss) are 
very much reduced in size. This appears to be a simple effect on 
the growth rate of the bristle-forming cells. They fail to increase 
their oytoplasmio content at the normal rate and, as they start 
secreting the bristle at the usual time, the bristles are considerably 
smaller than those of the wild type. The growth of the triohogen 
cell is followed by the actual secretion of the bristle, and the tor- 
mogen cell secretes the socket around it. Normally, the bristle 
secreted in this way is quite straight and tapers to a point. Sevwal 
genes are known which affect the secretion of the bristle, notably 
the gene forked. Forked bristles are fatter and shorter than tlm 
normal and are bent and split at the ends to a marked degree. 
Histologioal studies show that the developing bristles appear quite 
normal until some time after the secretion of the bristle has begun. 
After growing for about half their length, the bristles start curving 
round and splitting. It has been suggested (Lees and Piokrai, 
1045) that the forked shape of the bristle is caused by a sharp initial 
rise in the cytoplaunic synthesis which leads to a fatter rudiment 
than aoranal. In addition, it appears that the mechanical properties 
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of the bristle walls are altered so that they become more plastic 
than usual, allowing for the splitting and bending of the ends. 

The last stage in the production of the definitive bristle is a 
darkeniug and hardening process. The introduction of a gene 
such as straw prevents this darkening process and the bristles appear 
very pale yellow in colour. 

Thus, a gene functioning early in pupal life may have an efieot 
on the cell-division of bristle-forming cells. Should an extra cell- 
division take place, no amount of subsequent normality will return 
the bristle to an exactly normal type. Later, when the trichogen 
cell has become differentiated, a gene is able to exert its influence 
by chang in g the bristle development path to produce differently 
shaped bristles, and still later, genes (and temperature shocks) can 
give rise to unpigmented bristles. 

The results of the temperature shocks, taken in conjunction with 
the descriptive work on the development of individual organs, 
confirm the time at which a particular developmental process takes 
place and also indicate the period of time during which, for instance, 
cell multiplication can take place. Extensive study of temperature 
shocks suggests that effects can sometimes be produced which 
simulate a known mutant, but which cannot be attributed to the 
same developmental effect, since the sensitive period proves to be 
different from that of the time of action of the gene. The way in 
which this is brought about is not at present clear. 

This leads to another piece of experimental work, designed to 
show the interaction of gene effects, more particularly the effect 
which a gene can exert when confronted with an abnormal situation. 

The antenna of Drosophila consists of a small basal joint, a 
swollen second joint and a third joint bearing the arista, a tapering 
chitinouB spike bearing numerous branches. The recessive mutation 
mristopedia, ss*, causes the arista to be transformed into a legdike 
organ, of several joints terminating in a typical tarsal claw. Thom 
are, therefore, two alternative ways in which the antennal disc 
can develop, into either an antenna or a leg. At some moment in 
development, the path, down which development shall proceed, is 
determined : whether an antenna will be produced or a leg. This 
is, of course, only 'a more dramatic instance of what has already 
been seen in the foregoing examples. At definite moments in the 
course of development, the organism is confronted with alternative 
modes of development, and the gene which the organism possessM 
switches the development down one path or the other. lAter, 
developmental effects can take place only within the limits set 
by preceding genes. A wing which has taken the path towards 
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narrowness will remain narrow, although it may become plexate 
and oroBS-Teinless in addition. Drosophila, from whieh the yer- 
milion wild type allelomorph is absent, will proceed down the path 
towards vermilion eyes. 

What, however, will be the effect of introducing into an aristo- 
pedia stock genes which normally affect the legs and not the anten- 
jm ? What can be learnt of the interaction of such genes ? Aristo- 
pedia has been combined with genes affecting the tarsi, such as 
dachs and four-jointed (Waddington, 1940). Four-jointed, as its 
name imphes, reduces the number of joints in the leg from five 
to four. A four-jointed aristopedia fly has a shortened aristal tarsus 
and the number of joints is reduced. Thus, when the antennal 
disc follows the tarsus-like developmental track, it is affected by 
the tarsus-affecting genes. These genes help to define the path 
which has already been determined, although they have no effect 
oh the track leading to the development of a normal arista. They 
appear, therefore, only to bo 'able to react with an organ which is 
developing along a particular course, in this case towards a leg. 

During the short history of genetics, and for that matter of 
evolution also, the adult animal has had a blinding influence or 
has, at least, directed studies into certain circumscribed channels. 
Genetics has been a study of statics or, in other words, of pheno- 
types, and genotypes only by assumption. The general trend in 
biological thought in more recent years has been towards the study 
of the dynamics of certain phenomena, to ask how a thing works 
in addition to why it works. The study of genes and development 
is a very dear example of this swing over to a search for the processes 
involved in the production of an individual rather than to the 
enunciation of the differences and similarities between adults. 
For many years, the experimental embryologists have worked mainly 
on the very early stages of development, and the geneticists on 
the adult phenotype, and a yawning void has existed between 
the two. It is self-evident that the two have a great deal to con- 
tribute to one another for their mutual benefit, and at last the gap 
is closing, and closing rapidly. The workings of the gene complex 
are inextricably tied up with interpretations of development, for 
without genes devdo^ent does not take place. The examples 
that have been cited show clearly that there are no developmental 
effects which are not ultimatdy controlled by genes. To discover 
how a gene exerts its controUic^ influence it is necessary to inquire 
into the nature of the substances produced by genes. From there 
the effects of these products must be elucidated, for example die 
exact nature of the evocatii^ and inducing agents. This study, in 
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the field of the experimental embryologist, is b^;inning to give a 
piotxue of the very early effects of genes, the broad and funda- 
mental proeesses which set a zygote on the right road to become 
an embryo and, subsequently, an adult. From there the geneticist 
takes up the story to discover what genes do in organogeny and 
how mutants differ from their wild type allelomorphs. Every 
stage from the early segmentation to the final elaboration of a 
pigment within the limited space of a Drosophila eye is controlled 
by genes. Genes do not just pop in now and then during onto- 
geny ; they are essential to the orderly workings of the whole 
process. Tliere are still many gaps, but the experimental embry- 
ologists and geneticists, working together on similar problems 
at different levels of development can now express more than a 
pious hope that their work will one day coincide. 
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MODERN FORMULATION OF VAN DER 
WAALS’ IDEAS 

By R. EI8EN80HITZ, Db. phu-. 

Ledunr in Phynct at UnivergUy CoUege, Lmdon 

I. Introduction to the Problem 
1. The Methods of Kinetic Theory 

At the time when van der Waals published his famous equation of 
state the work was considered to be an important success in kinetic 
theory, whereas nowadays his line of argument is regarded as 
unsatisfactory. The reason for this change of attitude is a change in 
the aims of kinetic theory. 

Towards the end of last century the theory was aiming mainly 
at ascertaining the properties of molecules, which at that time were 
considered hypothetical. We now frequently have more knowledge 
of the molecules than of the relation of their properties to the more 
complex thermodynamical phenomena. 

From van der Waals' theory conclusions on molecular forces were 
drawn. It appeared that there was attraction and that the mole- 
cules could not penetrate each other, or, as we say now, repel each 
other at short distances. These inferences are not affected by the 
crudeness of the assumptions underlying van der Waals* theory. 

Forces between molecules are now well understood and can in 
principle be derived from the dynamics of the electrons in the field 
of the nuclei. The attractive forces are, moreover, readily derived 
from optical data, and the molecular radius can for instance, be 
obtained from the properties of the crystalline phase independently 
of the equation of state. Monatomic molecules interact by means of 
relatively simple central forces. 

In addition to a fair knowledge of molecular interaction, we know 
how the properties of matter in bulk are to be derived from the 
molecular model. If the potential energy of the whole system (gas, 
liquid) is given as a function of the co-ordinates of the molecules — 
this is the adequate specification of a molecular model — all that is 
required to obtain the thermodynamical properties is the evaluation 
of a certain integral. 

Kinetic theory has, however, not made large contributions to' 
the explanation of complex thermodynamical properties of matter. 

470 
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There is so far no fully adequate theory of the liquid state, of phase 
transitions, of A-points or of anomalous dielectric constants of 
crystals, etc. Mathematical diflSculties are the reason for this lack 
of progress. 

Since thermodynamical data are determined by the molecular 
model, a theoretical treatment must be careful not to overdetermine 
them by means of an additional hypothesis. Even a plausible 
assumption, giving results that are in agreement with observation, 
should be used with caution (n order not to introduce an over- 
determination. If additional assumptions are introduced under the 
label of a method of approximation, they can add more to confusing 
the problem than to solving it. Arguments such as those used by 
van dor Waals are, therefore, no longer accepted. Progress can be 
achieved only by overcoming the mathematical obstacles. 

Theoretical work, in which the molecular model is evaluated 
without introducing additional assumptions, will at least provide 
new methods and is of interest from this point of view. In this 
article an account is given of recent theoretical work on condensation 
in which progress has been achieved. 

2. Premisses 

It is assumed that the gas or liquid consists of monatomic 
molecules. Every pair of molecules has an energy of interaction y 
which depends upon the distance between the molecules. The 
interaction of one pair is not influenced by the presence of another 
molecule, so that the sum of the interaction of the pair-energies 
adds up to the total potential energy 0 



where N is the number of molecules. 

In this equation suffixes are used for distinguishing between the 
individual molecules, which are in this way “ labelled/' 

The interaction energy 9? is large and positive at small distances 
between the molecules (repulsion), it is small and negative at larger 
distances (attraction), and vanishes at distances that are small in 
comparison with the dimensions of the container. The molecular 
model is not specified in greater detail. Direct interaction of 
molecules is restricted to small distances. This does not exclude an 
indirect influence over appreciable distances when a large number of 
molecules is closely packed. 

The energy o^ the gas or liquid is equal to the sum of kinetic and 
potential energies. Denoting the mass of the molecules by m, the 
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Cartesian co-ordinates of the molecules by the correspond- 
ing components of velocity by the energy is expressed as 

a fimotion of these 6N variables 

N 

E = (m/2) + Wf*) -f 

Every physical quantity appropriate to matter in bulk is the 
mean value of a quantity appropriate to the molecular model. The 
" mean value ” is meant to be the time average over the orbits of 
the molecules, but is evaluated by moans of the probability distribu- 
tion of the instantaneous states of motion of the whole model. The 
instantaneous state of motion is specified by the values of the 
co-ordinates and velocity-components of all molecules. The 
probability distribution is accordingly a function of the 6N variables 

Xi,yi,Zi . . . Xif,yff,zy, tti.Vi.w, . . . Uf„Vn,Wfi. 

For thermal equilibrium the probability distribution is propor- 
tional to 

exp( — E/jfcT) 

where k = 1-37.10“ *• is Boltzmann’s constant. The factor of 
proportionality is chosen so as to make the probability for the model 
having any state of motion equal to one. The above exponential 
function is accordingly divided by 

Z=j... jexp( — E/ifcT)da;jdy,dzi . . . dujjdvfidwj/ 

where integration over the components of velocity has the limits 
— 00 and oo, and the integration over the co-ordinates is carried 
over all values in the interior of the container. Z is called the 
partition function. It no longer depends upon the co-ordinates and 
velocity components of the molecules, but upon the temperature and 
the volume. 

The calculation of mean values is greatly simplified if the 
partition function is known, since the latter is related to the free 
energy according to 

F=-feTlogZ 

and the properties of matter in thermal equilibrium can be derived 
from the free energy by means of thermodynamical formulce. 

In calculating Z, the integral over the components of velocity 
is readily carried out and gives 

independently of whether the molecules form a liquid or an ideal 


N ^ - I 
^ « 2 i « 1 
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gas. This factor of the partition function is not, therefore, of much 
importance in what follows. 

The specific properties of a dense gas or liquid are obtained by 
evaluating the remaining integral over the co-ordinates ; this is 
denoted by Q and said to bo the “ configurational partition 
function ” ; 

(1) Q = j". . dxi = dxidyidzi 

The evaluation of this integral is difficult, owing to the simultaneous 
interaction of many molecules, which prevents the integrand from 
being separable into factors depending upon a small number of 
variables. 

The equation of state as given by van der Waals is not based 
upon an attempt at evaluating the partition function, but upon 
plausible relations between the mean forces and the density, which 
are introduced as a hypothesis. His assumptions can be justified 
for low densities and high temperatures, but not for the range of 
condensation. 

The V-P curves at constant temperature are well known. They 
consist of a section applying to the liquid, a section appl3dng to the 
vapour, and in between a section which has no relation to ph5rsical 
facts. No distinction is made between saturated and supersaturated 
vapour, or between liquid in equilibrium and superheated liquid. 
The range of volumes in which part of the substance is condensed is, 
in fact, not covered by the equation of state. It is obtained by 
supplementing the equation of state by thermodynamics. 

The theory is in reasonable agreement with experimental data. 
It provides the critical phenomena but, owing to the crudeness of 
the underlying assumptions, it gives no information on the specific 
reasons for the phenomenon of condensation. 

Before turning to the modem theories, two points should be made 
clear. 

A discontinuity of enthalpy, or any discontinuity of thermo- 
dynamic functions, cannot occur in any system of a finite number of 
molecules. If we speak of a discontinuity it refers to the limit of an 
infini te number of molecules, so that, for example, the specific 'heat 
curve has a maximum which tends to become infinitely sharp and 
infini te with an increasing number of molecules. It might, 
alternatively, tend to reach a high but finite limit. As far as boiling 
is concerned, the existence of a sharp transition seems to be taken 
for granted by all authors ; there is so far no sufficient basis for 
investigating the other alternative. 

H 
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Any theory which, like the theory of van der Waals, gives an 
equation of state for the liquid and vapour, but not for the 2-phaiSe 
range, is in a way incomplete. If only a liquid and a vapour state 
are provided and no 2-phage range, this does not suggest partial 
condensation, but rather an oscillation of the whole system between 
the two states of aggregation. 

II. The Theory of Molecular Clusters 
3. Principle op the Method 

A theory of dense gases and condensation has been given by 
J, E. Mayer, and supplemented by several other authors * in which 
an attempt is made to obtain correct relations with which the parti- 
tion function (1) has to comply, t.g., relations which are not sufficient 
for actual evaluation of the partition function ; no integrations are 
actuaUy carried out. The partition function is shown to depend 
upon the volume at constant temperature in a way which can be 
foreseen independently of the possible result of integrations. 

At medium densities the partition function can be expanded in 
a series of terms, each of which corresponds to the contribution of 
independent clusters of molecules. There may be many molecules 
in a cluster ; as long as its volume is small in comparison to macro- 
scopic dimensions, it will not interfere appreciably with other 
clusters, and is not appreciably affected by the walls of the container. 

The probability with which the molecules in a cluster occupy 
their relative positions may be a complicated function of their co- 
ordinates, but does not depend upon the volume. The contribu- 
tion of the cluster to the partition function, depends in a simple way 
upon the volume, although it is an involved integral and neither ite 
absolute value nor its dependence On temperature are easily accessible. 

It may be said that a dense gas l^haves like an ideal gas in 
which one molecule takes the place of one cluster. The pressure 
depends upon the number of clusters, but not upon their size. 

The theory proceeds to express the partition function in terms of 
the volume and the unknown contributions of the clusters, which 
are ealled “ cluster integrals.” 

4. Exfanbion of the Partition Function 

According to these assumptions, the integrand o{ tlm expressioiB 

* The theory and some appUoati<uw are publifd^ed in references 1-10* 
A summary is given in Statistieol Mechmic$ by J. E. Mayer and M. Qoepperi 
May«, Now York, IMO. 
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(1) is a product of terms, each of which depends upon the distance 
of 2 molecules : 

exp( — 0/JfcT) = /7exp( — <Pij/kT!) 

^here 77 means product, the product being taken over those pairs of 
suffixes for which N > j > t > 1, This is conveniently transformed 
into another product by introducing the functions 

/</ == exp( ~ fn/kT) - 1 
so that the integrand is 

^(1 +/</) 

The functions are distinct from zero only for those small distances 
of the mofecules i and j at which there is an appreciable interaction. 
The integral of /y over the co-ordinates of one molecule de fin es 
roughly the volume of the sphere of interaction. It is independent 
of the co-ordinates of the second molecule. Integration over the 
latter gives a factor V. 

In the following the notion of “ cluster integrals ” is used, of 
which the integral of /y is the simplest example. The expansion of 
the above product gives a sum of products of functions /y. After 
integration a large number of terms will be equal to each other. 
In order to specify the terms which give the same integral it is 
convenient to discuss an example, e.g. the products of 4 factors /y. 
If it is fitfufttfii refers to 4 isolated clusters of 2 molecules The 
product 3/45 refers to one cluster of 3 and one of 2 molecules. 
Theproducts 8^ contributions of a clustm- 

of 4 and 6 molecules respectively ; they are of course not the only 
contributions of these clusters. 

On integration the results differ according to the type of clusters 
which contribute to the integrand but are independent of the labels 
of the molecules. In every product the contributions of different 
clusters are integrated independently of each other, and integration 
of a product contributed by one cluster gives a quantity that is 
independent of the volume multiplied into V, similar to the integral 
of/y. 

By odleoting all terms originating from the clusters of a molecules, 
the ** cluster integrals ” are defined as 

. dxg 

so that they are independent of the volume. The suffixes must 
satisfy the condition a > j > i >l and every function /y has at 
omd suffix in common with one other function in the product. 
The s"*" is taken over all products that comply with these conditions. 
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The clusters are analysed once more. In the product /j 
for instance, the integrations over 3 intermolecular distances are 
independent of each other, so that the integral over the co-ordinates 
of 6 molecules is reduced to integrations over pairs. No reduction, 
of a similar kind is possible in integrating the product 
where the suffixes form a cycle. An integral which cannot be split 
up into independent factors is called an “ irreducible integral.” 
The definition is given 

/3, =: (1/r! V)j. . . jr/I/ydTi . . . *,+1 

where 1 |- r > i > 1 and where every pair of suffixes belongs 
at least to one cycle. The sum is taken over all products that 
comply with these conditions. 

By means of some combinatorial arguments the partition function 
is expressed in terms of cluster integrals. 

(2) Q --= Niri: . . . r . . . n(Vb,r./m,\ 

nif g 

The numbers m, are equal to the numbers of clusters of s molecules 
which are present simultaneously iu one configuration of the whole 
gas. These numbers are subject to the condition 

(3) Sam, = N 

$ 

The cluster integrals are expressed by a similar formula in terms 
of the irreducible integrals 

( 4 ) 6 , = (imss. ..s... 

nx nt r 

where the numbers n, are subject to the condition 

( 6 ) Sm, = 8 — 1 

r 

In addition to these exact but uninformative relations it may 
be assumed at least that at sufficiently low temperatures the 
quantities b, and are positive. 

Equations (2)-(6) imply a relation between the partition function 
and the free energy and the volume. In order to recognise its signifi- 
cance some transformations are necessary. For a rigorous treat- 
ment rather involved methods have to be applied. The same result 
is obtained in a more elementary way by replacing the right hand 
side of equation (2) by the largest term of the sum. 

The log of a term in (2) is 

m,(log Nv6, — log 1) 
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(where v ~ V/N) has aooordingly to be made a maximum with 
equation (3) as restriction on the possible values of the so that 

(6) — log Nwft, — log m, 4 8 log Y = 0 

where Y is determined by equation (3). In the largest term 

m, = Nv6,Y* 

The log of the partition function is accordingly 
log Q = N(i7v6,Y* — log Y) + log N! 

Determination of Y requires solution of the equation 

N 

(3a) y^.vsb.Y* = 1 
« - 1 

and it is the lowest positive root that is needed. 

In a similar way the sum in equation (4) is replaced by its largest 
term. An equation similar to (6) is obtained in which an un- 
determined multiplier log p appears, which can be determined by 
the equation 
1-1 

(60) = 1 
r- 1 

The quantities Y and p may be assumed to tend towards a definite 
limit independently of the number of terms in the sums of equations 
(3a) and (6a). 

In the case of an ideal gas Y = 1/r 1. Equation (3a) can be 

solved in terras of the irreducible integrals ; Y is then obtained as 
an expansion in powers of 1/v : 

Y = (l/v) exp ( - 

and Zvb,Y' = I — £{r/l -j- r)pf.v~' 

6. CONGLUSIONS 

The relevant terms of the.free energy F are related to Q according 
to F == — ifcT log Q. The expression for Y in terms of v can be 
accordingly used in order to obtain thermodynamical quantities in 
terms of the volume : 

(7) PV/RT - [1 - Zm + r)P,v~^ 

(8) V(aP/aV) - (ifcT/t;)[l - 

Equation (7) shows that the irreducible integrals determine the 
viriid coefficients. 

Although the /?, are not known numerically, the mere fact that 
they do not tend to zero at high values of r (at least at low tmn- 
peratures) indicates that at some characteristic value of v the virial 
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expansion and the other expansions oocorring in the thermody- 
namioal formul® will no longer be convergent. The main object of 
the theory is the determination of the value of v at which this occurs 
and of the functions that are represented by the series, at values 
of V beyond the singularity. The mathematical argument, however, 
is indirect and is, therefore, not fully conclusive. In addition, the 
independence of the b, of the volume is dubious in the range under 
O/onsideration. Nevertheless, the result is striking in spite of possible 
objections. 

From equation (6o) and (8) it follows that for v = \/p, that is 
for a finite value of v, 3P/9V becomes zero. Moreover, it can be 
shown that for high values of «, 6, becomes almost proportiomJ to 
the power of a constant, and that for this reason the series in (3o) 
is divergent for a characteristic value of Y, which corresponds to 
the value of Y at w = l/p. At smaller volumes Y is independent 
of the volume over a finite range of volumes. It follows from the 
relation of Y to the free energy that there is a range of volumes in 
which the pressure is independent of the volume. 

These relations suggest that at the characteristic volume condenS' 
ation occurs. This is indicated simultaneously by the divergence 
of the virial expansion and by the independence of the pressure of 
the volume. 

If this interpretation is accepted, it is not difficult to recognize 
in the formul® some details of the phenomena associated with 
condensation. If it is assumed — the assumption being plausible — ■ 
that the irreducible integrals tend to become negative at higher 
temperatures, the existence of a critical point can be demonstrated. 
According to this theory there is below the critical' temperature 
another characteristic temperature; condensation is possible only 
below the lower characteristic temperature ; in the range between 
the two characteristic temperatures the pi^essure continuously 
approaches independence of volume. 

According to this theory there is a range of condensation, as 
actually observed, and not only the liquid and vapour state as in 
van der Waals’ equation. 

It is not yet possible to say whether the above interpretation 
can be maintained. The lack of knowledge of the irreversible 
integrals is a serious obstacle for any discussion or test in terms of 
numerical data. 

The fact that the arguments are, if not right, nevertheless possibly 
right, shows in any case that a consistent and rigorous theory is 
within reach. 
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in. Tseoby of the Average Field of Force 

6. Repbesentatitb Single Moleocles 

Since the ririal ezpanedon does not converge in the liquid state, 
a different approach to the kinetic theory of liquids is needed. It 
has been found that the assumption of one or a small number of 
molecules moving in an average field of force originating from 
other molecules is a useful approximation. In liquids there are no 
simple limiting laws such as the ideal gas or crystal. Nevertheless, 
the kinetic theory ought not to involve too great difficulties, since 
we know that the distribution of molecules in space is not very 
distinct from a random distribution, at least in so far as there is no 
long-:di8tanoe correlation as there is in crystals. The assumption 
of an average field is well adapted to these conditions. There is, 
however, a priori no indication of how this average field can be 
introduced with a minimum of arbitrary assumptions. 

In a rather crude but successful way a theory of the average 
field was established by Leonard Jones and Devonshire [11]. They 
assume that one molecule, which is r^arded as representative, is 
enclosed in a cell, where it may move under the influence of the 
forces originating from the neighbouring molecules. This picture 
seems to be quite plausible in the liquid state. It is, in addition, 
shown by the authors to be vahd even in the case of a dilute gas. 
The fact that a molecule is in reality not confined to a cell is accounted 
for by admitting interchanges of the molecules between different 
cells, an assumption that does not affect the result. 

fri laying down the rules according to which the average field 
of force in the cell is to be derived, the authors make some arbitrary 
assumptions. This can, however, hardly be avoided. It is assumed 
that the surrounding molecules are distributed uniformly over the 
surface of the cell. The remaining part of the theory is free from 
arbitrary asHumptions. The potential energy is derived from the 
interaotion of pairs, which in their turn are arrived at by methods 
indepmulent of the critical data. The model is evaluated correctly 
and thermodynamical data are obtained. 

The V-P curves at constant temperature are of the same type 
as ihose of van der Waals’ equation. In addition, the absolute 
values of the critical data result in reasonable agreement with 
egtperiment. 

1Mb success is, of course, no justification for the crude assump- 
i^otu that are introduced. The theory seems to be a good starting 
point for the theory of liquids, but, in the form in which it is 
presented, it is hardly capable of refinement. 
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The use of an average fiel4 has subsequently been worked by 
other authors into a systematic theory. 

7. Distribution of Small Repeesentativb Groups of Molboulbs 

The most detailed specification of the instantaneous state of 
motion of a monatomic gas or liquid consists in assigning to every 
molecule numerical values for its 3 co-ordinates and 3 components 
of velocity,* that is by means of 6N data. In Gibbs’ Statistical 
Mechanics the thermodynamic properties of the system are cor- 
respondingly derived from a probability distribution in these 6N 
variables, as explained in section II. 

In the kinetic theory of gases distributions in 6 variables are 
frequently used, e.g. the co-ordinates and components of velocity 
of one representative molecule. In the theory of Brownian move- 
ment, distributions in 3 co-ordinates only are sometimes employed. 

A distribution of one particle gives less information than a 
distribution of the whole system. It is, however, easier to handle 
and has proved to be sufficient for the kinetic theory of dilute gases 
and suspensions. In the theory of Leonard Jones and Devonshire 
an application of such a distribution to the theory of liquids is 
made which is obviously not wholly satisfactory. 

It may be added that the changes in time of the different types 
of distributions are governed by different dynamical laws. For the 
distribution of the whole system Gibbs has given the dynamical 
equation ; f for dilute gases the integro-differential equation of 
Boltzmann, which is based on the probability of collisions, applies, 
and for the distributions of Brownian particles the change in time 
is given by Smoluchowski’s equation. 

Generalising these ideas, distributions for representative pmrs of 
molecules, or representative groups of 3, 4, ... r molecules are 
defined. They provide more information than the distribution of 
one representative molecule and are easier to handle than the 
distribution of the whole system. They are likely to be of great 
use in the kinetic theory of liquids. They may refer to the distribu- 
tion in co-ordinates and velocities or co-ordinates only. 

A distribution of representative pairs of molecules in a Uquid 
has been in fact recognized to be the appropriate way of interpreting 
X-ray interference patterns. The importance of these distributions 
for the theory of transport processes in liquids has been reoMitly' 

* In statistical mechanics it is usual to speak of momenta rather than of 
velocities. In the case of monatomic systems this does not make sm essential 
difference. 

t This equation is also (mown m Lioaville*ii theorem. 
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recognised by Kirkwood [13], who derives their dynamical equations 
from the principles of statistical mechanics and has in this way 
provided the basis for the interpretation of diflFusion, viscosity and 
thermal conductivity of liquids. Bom and Green * have made a 
systematic study of distributions of this kind and have obtained 
results concerning condensation. 

There are some obvious relations between the different kinds of 
distributions on which the further argument is founded. 

From a distribution of r molecules the distribution of a smaller 
number of molecules s, is obtained by taking an average over the 
variables appropriate to r minus a molecules. 

From a distribution in co-ordinates and velocities the distribu- 
tion in co-ordinates only is obtained by taking an average over the 
velocities. 

While it is possible to define distributions in co-ordinates, 
velocities and accelerations, the latter can be ehminated by means 
of their relation to the force which, being derived from a potential, 
is a function of co-ordinates. 

The dynamical equations are derived by a straight argument 
from first principles. Consider at first a distribution in co-ordinates. 
Its change in time within one volume element involves a flow to 
neighbouring volume elements in order to comply with the con- 
servation of matter. Since the flow is proportional to velocity, it 
can be derived by an averaging operation from the distribution in 
co-ordinates and velocities. The time derivative of a distribution 
in co-ordinates accordingly depends upon an integral over the 
distribution in co-ordinates and velocities. 

Similar arguments apply to the change in time of a distribution 
oC r molecules in co-ordinates and velocities. This depends upon an 
average acceleration, which in its turn is expressed in terms of an 
integral over the distribution of r -f- 1 molecules. 

I^m the general dynamical equation for distribution Bom and 
Green obtain a relation which holds for thermal equilibrium : 


( 9 ) 




VT dxt 


‘r+l 


dxi . dxf 

Here the suffixes refer to the labels of the molecules and is the 
distribution of r molecules in co-ordinates only, yy has the same 
meaning as in section II. This equation is independent of the 
general relation expressing the distribution of a smaller group of 
moleouleB as integral over a distribution of a larger group. The 

• <y. references 14-16. The results of these authors for transport prooessee 
are not yet published. 
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meaning of equation (9) ie readily recognized by oonsidMing the 
theory of Brownian movement. There the expression 

dx 

(where X is the ^-component of force) multiplied into ifcT and divided 
by a Motion constant is the negative x-component of the flow. 
In thermal equilibrium the flow is 0. Equation (9) is the corre- 
sponding statement for a distribution of r molecules specifjnng the 
origin of the force, part of which is due to molecules outside the 
group of r molecules. 

8. The Thboby of RBPEBSBNTATiva Paibs 

At this point Born and Qreen introduce an assumption which in 
a way plays the part of the assumptions of Lennard Jones and 
Devonshire. They let the distribution in the liquid depend upon 
the distribution of a representative pair of molecules. Equation (9) 
(with r 2) contains a distribution of a group of 3 under the 
integral. This is assumed to be determined by the disteibution 
of pairs according to 

This is, of course, an arbitrary assumption. It is, nevertheless, a 
big advance on the assumptions of the cell theory. It determines 
automatically the field of force for the pair, whereas the determining 
of the field in a cell requires additional assumptions. It is, in 
principle at least, capable of refinement by specifying conditions in 
the liquid in terms of a distribution and expressing the under 
the integral in terms of distributions 

By means of the approximation equation (9) is transformed into 
an equation containing only one unknown function, ».e. p<*\ which 
can be determined-by solving the equation. Transformation into a 
linear integral equation * enables the authors to give a solution in 
terms of a complex integral. The latter depends upon the Fourier 
transform of the function 

s[exp (- 9 <«/*T) - 1] 

where a is the distance between the molecules of a pair and the 
expression in the bracket is the function/^;/ as employed in section II. 

The solution depends upon the path of integration and the 
authors show that there are in general two possibilities for this path., 
The two solutions are identified as corresponding to the liquid and 
the vapour. As in van dor Waals’ theory there is no distinotioh 
between stable and metastable ranges. 

* A similar equation was given by Kiricwood and Boggs [IS.] 
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In addition, the authors give a method for calotdating the virial 
coefficients which does not involve unduly great difficulties. In 
following up this line the particular method of approximation may 
possibly have some effect on the result, since it does not account 
for the particular kind of correlation that is specific for the 
simultaneous interaction of many molecules. 

The relation between the two theories, of which an account is 
given in this article, is not yet fully established. Bom and Green 
say that their result demonstrates the 2'phase range of the cluster 
theory as being spurious. 

Tffis conclusion does not seem to be a necessary consequence of 
the different kind of result provided by the two theories. The 
theories of representative single molecules or pairs seem to imply 
that these representative groups refer to one, possibly metastable, 
phase. It is accordingly reasonable that these theories give an 
alternative for the phase to which the molecules or pairs belong. 
The cluster theory refers to the whole system in stable thermal 
equilibrium and must be expected to give a 2-phase range. 

Since the second theory applies to the liquid and gas phase, the 
first at the best to the gas, admitting a slight extrapolation into the 
2-phase range, the second seems to be the more powerful method. 
It is, however, likely that a detailed specification of the condensation 
process will require the further development of the first method. 
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PHYSICS. By F. A. Vick, O.B.E., Ph.D., F.Inat.P., Th® Univarsity, 

Manchoster. 

Fkiction between Solid Bodies. — Most of us while at school or 
university considered the theoretical and experimental study of 
Motion to be the dullest part of our courses, and were thankful to 
leave the subject for others more obviously interesting or exciting. 
Yet, most of us would now agree, on reflection, that the study of 
friction between solid bodies is of supreme practical importance, 
and will be surprised to learn that there is still considerable contro- 
versy as to the nature of the forces involved. The number of 
papers published on the subject appears to be increasing rapidly. 

It will be as well to begin with definitions of terms, since some of 
them are used differently by different people. Following Schnur- 
mann {Phya, Soc. Rep. Progr. Phys., 8, 74, 1941), “ solid Motion ” 
is used for the tangential forces between perfectly clean dry surfaces 
(without adsorbed layers) ; “ dry and ‘‘ ordinary friction between 
the normal dry surfaces in air, when no lubricant has been added 
intentionally ; “ boundary lubrication covers all those cases in 
which the surfaces are separated by a film of lubricant too thin to 
be considered as a fluid. 

Frictional forces have at various times been ascribed to various 
causes such as (1) adhesion between solid surfaces by molecular forces 
akin to cohesive forces ; (2) irregularities in the surfaces ; projec- 
tions in the top surface fitting into hollows in the lower, and having 
to be lifted to slide over the projections in the lower, t:e. to slide up 
successions of small slopes ; (3) projections in the harder surface 
cutting through projections in the softer ; (4) electrostatic (boundary 
layer) forces. Many recent workers consider the frictional forces 
to be a combination of two or more of these. The energy dissipated 
in overcoming the frictional forces may be transformed to (i) heat 
energy (including elastic energy of deformation, changing later to 
heat energy) ; (ii) cold working of surfaces, ix, changes in crystalline 
form ; (iii) increasing surface energy by tearing particles from the 
surfaces, including the transfer of matter from one surface to the 
other. 

Some of the work carried out between 1600 (Leonardo da Yinci) 
and 1941 is summarised by Schnurmann (loc. cit). The fiamihar 
empirical law first proposed by imontons (1699) and investigated 
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by Ooalomb (1785), F = where F = tangential foroe, N = normal 
load and (i the coefficient of friction (independent of the area of 
contact) is useful in distinguishing between relative motion by 
sliding and by tearing, since the law breaks down in the latter case. 
By 1941 it was recognised that wide variations of n for static “ dry ” 
firiction in air are due largely to varying degrees of contamination 
in the form of adsorbed layers. It had been verified that surfaces 
nominally plane are really mazes of microscopic irregularities, so that 
if surfaces are in contact (no adsorbed layers) frictional forces must 
arise at those irregularities which carry the load. The irregularities 
could then suffer elastic deformation and abrasion during sliding, 
the former leading to appreciable temperature dependence of fric- 
tional work converted to heat and the latter practically temperature 
independent. A criterion between the two mechanisms would thus 
be a determination whether, over a wide range of temperatures down 
to the absolute zero, the amount of mechanical work varies with the 
temperature of the system. Schnurmann summarises some of the 
experimental determinations. Results so feu* are not very clear, 
though a small temperature coefficient is found in some oases. It 
was well-known by 1041 that under certain conditions the sliding 
motion of bodies elastically restrained does not always proceed 
smoothly, but sometimes in jerks, exhibiting the characteristics of 
relaxation oscillations, with fixed amplitude. Sohnurmann’s view 
was (see Schnurmann and Warlow-Davies, Proc. Phys, 8oc., 54, 
14, 1942) that this behaviour might be due to surface electrification, 
which occurs whenever two different materials establish contact. 
The separation of electrical charges occurs only at the small areas 
actually in contact ; in those cases in which the charges have fixed 
positions on the surfaces (dielectrics or metal surfaces coated with 
dielectric films) the charges become separated as sliding proceeds. 
These give rise to a tangential electrostatic foroe which increases 
as new contacts are made until the dielectric breakdown strength 
is reached, leading to rapid discharge and a repetition of the slow 
diarge. Sohnurmatm describes experiments in support of his views. 
Bowden and Laben, on the other hand, had earlier {Proc. Boy. 8oc. 
A.169, 371, 1939) proposed a quite different interpretation of the 
“ stick-slip ” behaviour. They ascribed it to the properties of the 
sUding metals themselves, especially the welding together of the 
metals at local places of contact, following local melting. “ Stick- 
slip " is, however, observed for rubber on glass, wood on metal, etc. 
We tiiail Iratum to this question later in this article. Schnurmann 
goes on to mention measurements of surface temperatures during 
diding, particularly applications of the ingenious method devised 
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by Bowden and his ooUaborators of using the rubMng oontaot of 
two different mettds as a thermocouple. It appeared that large 
values of the frictional force and of the speed of sliding are necessary 
for achieving appreciable rise of temperature of the contact surfaoe 
of a metal. For example, with gallium on steel, a speed of 720 cm. 
per sec. at a load of 27 gm. wt. was required to bring the surface of 
gallittm to its melting-point (30'2° C.). 

Turning now to more recent work, Bowden, Moore and Tabor 
(J. Appl. Phya. 14, 80, 1943) describe further experiments on the 
adhesion and ploughing of sliding metals. As indicated above, 
Bowden and his colleagues consider that frictional resistance between 
unlubricated metals is due mainly to a combination of the shearing 
of metaUic junctions formed by adhesion and welding at the point 
of oontaot, and of the work of dragging or ploughing the surface 
irregularities of the harder metal through those of the soft one. In 
this investigation they adopt a method of micro-examination of the 
metal surfaces developed by Nelson, in which the surface is first 
protected by depositing on it another of similar hardness, and then 
cutting a section at a very oblique angle to the plane of the surfaoe. 
If this angle is 6”, for example, the contour of the surface has its 
vertical component magnified about ten times. One of the micro- 
photographs published shows the track formed by sliding a slightly 
worn hemispherical steel slider at a slow speed over a mild steel 
surfaoe (unlubrioated). A considerable area of the surface is seen 
to be unchanged, but at a number of points penetrotion, {doughing 
and tearing of the metal have occurred, while at other pointo the 
metal is raised above its former level. Another photograph is for a 
copper slider on unlubrioated steel, in which no ploughing is seen 
but some fragments of the copper are left welded on to the steel. 
Under the copper welds, there is some evidence that the steel is 
deformed. (Schniirmann had already shown {J. Appl. Phya., 13, 
236, 194:2) that the harder of two metals shows oharaotecistio traces 
of the softer metal on its surface after sliding.) In each case, the 
sections are out perpendioidar to the direction of sliding. The 
adhesion and welding has apparently occurred at oomparatiyely low 
surfaoe temperatures. In their experiments, the lower suifiaoe is 
driven fdoi]^ at a unffbrm rate by a water piston, and the uj^r 
Bhder is in an elastic support. “ Stiok-slip ” is observed under some 
conditions, and Bowden, Moore and Tabor point out that the motion 
is influenced by the elastic and mechanical properties of the qrstem. 
The authors tl^n go on to examine quantitatively th^r suggestiott , 
as to the nature of the frictional forces. If IrictimiBl fofoii 
F b S + P, where 8 is the force required to shear the metaliro 
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jiinotions «nd P the force to displace the softer metal from the 
path of the harder, then S s= A», where A is the actual area of con- 
titflft of the metals, and s the shear strength of the soft metal. When 
the load is applied to the surfaces the softer metal flows plastically 
imtil A is sufficiently great to support the applied load. For a 
particular metal, therefore, W = pA where p is the “ flow pressure ” 
necessary to cause plastic flow. Also P A'p where A' is the cross- 
section of the tom track of the soft metal. Then, 


and 





+ A'p 


P _ « A'p _ Shear strength ^ A'p 
W p W flow pressure W 


If the ploughing term is negligible 

_ Shear strength 
^ flow pressure 

for the softer metal, and Amonton’s law of firiction holds. Bowden, 
Moore and Tabor describe experiments for steel sliding on indium, 
using sliders of simple geometric siiapes, and show that the results 
can be interpreted approximately by an application of the theory 
just outlined. It might be interpolated here, that many workers 
prefer to reserve the term “ friction ” for those oases in which no 
“ ploughing ’’ or scratching occurs. 

In a foHowing paper [J. Appl. Phy$., 14, 141, 1943) Bowden 
and Tabor examine the effect of thin metallic 'films on frictional 
forces. According to the theory just given, the friction on various 
soft metals should be approximately proportional to the shear 
strengths of the metals, and this is foimd to be so for indium, lead 
and copper against steel. With a thin film of indium, the coefficient 
of friction was found not to be independent of load, but to decrease 
with increasing load. The authors believe that the efficiency of 
some bearing aUo 3 r 8 is due to the spreading over the surface of thin 
fllma of the soft-metal constituent of the alloys. 

In an intereeting review paper {Bev. Mod. Phyt., 16, 63, 1944), 
J. 3. Bikerman summarises first various methods of determining the 
degree of surface roughness, and then goes on to show how the 
Amontons (Coulomb) law of friction can be derived from, the 
meohaniflm of the slider climbing the slopes of the irregularitieB on 
the lower surface. The coefficient of friction is only statistically 
determinable, owing to the variation in the slopes of the *'hills ”, 
trlM are somewhat deformed by the load. The observed values 
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of fi lead to the average angle between hills and surface plwe being 
within the range 6“ to 26°, for, if the angle is a, the component of 
the pulling force / acting along the slope is / cos a, the component 
of the weight W of the slider acting down the slope is W sin a. 
When there is no acceleration, / cos a = W sin a and // == tan a. 
Bikennan believes that adhesion (molecular cohesive forces) oaimot 
be the explanation of ordinary dry friction, because, when the contact 
between two solid surfaces is so intimate that their mutual attraction 
cannot be neglected, they stick together and do not slide in con- 
formity with the law of friction. According to this view, sliding 
takes place under dry friction conditions because the siudaces are 
never in intimate contact ; they are always separated by gas or 
liquid films. If molecular adhesion is important, the force should 
be apparent as one operating normally to the interface, of the same 
order of magnitude as the frictional force. There are other objec- 
tions to adhesion being the only cause of frictional- forces. Bikerman 
appends to his paper a very useful collection of references to earlier 
work. 

The experiments of Bowden, Moore and Tabor outlined above 
indicated that, even under light loads, metal may be exchanged 
between sliding surfaces. Radioactive tracer elements have been 
used by Sakmann, Burwell and Irvine {J. Appl. Phya., 15, 469, 
1944) to obtain more quantitative estimates of the amounts of 
metals transferred. The method consists of artificially activating 
one of the surfaces and measuring the activity acquired by the other 
surface. In the experiments described, polished beryHium-copper 
was exposed to a deuteron beam in a cyclotron : 

Cu« + = Zng + 2nl 

Cu2 4- H» ~ Cu2 -h P} 

The Zn isotope decays .with a half-period of 38 minutes and the Cu 
of 12-8 hours. The sui&oe was then electro-polished to remove 
loose particles, and hemispherical or spherical riders of ^ in. radius 
slid over it, at about 3-4 mm./sec. The riders were tested for radio- 
activity with Qeiger-Miiller counters. 10~* microgram of trans- 
ferred active material could be detected. In the first group of 
experiments, riders of very different properties were slid ov4r the 
Be-Cu block under identical conditions, with the following resifits : 

phosphor bronse rider . 0-043 miorograau deposited 

steel rider ..... O-OOM „ „ 

SJess rider 0-0068 „ „ 

Hie jEsrct that even a non-metallic substanoe like glass takes up a 
small amount of base material is interesting. Further experiments 
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showed that the amount of base metal adhering to the rider was 
proportional to the load and increased with distance of travel, and 
under otherwise identical conditions the amount deposited depended 
on the surface finish and hardness of the rider. The amount of base 
metal deposited on steel riders was inversely proportional to their 
Brinell hardness. For riders of different materials but having the 
same hardness and surface finish, the amount of transferred metal 
inoreased with the solid solubility of the base metal in that of the 
rider. Lubrication decreased the transfer. 

In a paper devoted mainly to the detonation of explosives 
{Proc. Roy. Soc., A.188, 329, February 1947), Bowden, Stone and 
Tudor demonstrate the occurrence of “ hot spots ” when metals or 
non-metals slide over each other. When one surface was of glass 
or quartz, the hot spots were visible and could be photographed. 
The loads and relative speeds necessary to produce hot 8jx)ts when 
both slides were good conductors were, of course, greater than for 
slides of poor conductors, when quite moderate speeds and loads 
were sufficient. 

In a still more recent paper {Proc. Roy, Soc., A.189, 88, March 
1947) J. R. Bristow describes careful experiments to determine the 
change of “ Kinetic ” coefficient of friction, with relative speed. 
He believes that “ stick -slip ” is really a relaxation oscillation 
dependent on the dynamics of the sliding system, the speed of sliding 
and the nature of the dependence of on velocity. According to 
this vieWi for relaxation oscillation to occur it is sufficient that fii> 
decreases with increasing velocity at low speeds. Apparatus is 
described for the determination of the dependence of fig- on speed 
at low* speeds, and results are given for (i) a series of ethyl esters of 
fatty acids between hard steel and hard steel or phosphor bronze 
and bard steel, at room temperatures ; (ii) mineral oil containing 
various percentages of oleic acid, between steel and steel, or brass 
and hard steel, at room temperatures ; (iii) for ethyl palmitate 
between tin and hard steel, and mineral oil between steel and steel, 
at various temperatures. The curves show in some oases /ijf 
ittoreaeing with velocity (no relaxation oscillations) and others 
dceveasing with inoreaedilg velocity (relaxation oscillations possible). 

It is not possible, of course, in such a short space to review all 
the work carried out on friction between solid surfaces during the 
hwt five years, but perhaps the above examples will indicate the 
various methods of approach and the differing points of view. It is 
a gain true to say that the apparently simple everyday phenomena 
are often those which turn out to be the ii;)pt compUoated and 
diiftoaH to interpret. 
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MSTEOBOXiOGT. By P. A. Shuppard, B.So., F.lMt.P., ImperiAl CoUege 

of Science and Technology, London. 

The CoNSTmmoN of Clouds and the Foemation of Rain 
1. The Initial Peocess of Condensation 

There is now universal agreement among meteorologists that the 
formation of a cloud droplet is the result of condensation of water 
vapour on a hygroscopic nucleus. From the dependence of atmos- 
pheric visibility upon relative humidity in areas not affected by 
dust and smoke (H. L. Wright, Qiiart. J.R. Met. 8oc., 65| 411, 1939 ; 
66 , 66, 1940) it is apparent that the size of hygroscopic nuclei, 
which control the visibility, is independent of relative humidity 
when the latter is below about 70 per cent., but increases smoothly 
with the humidity above that limit. Simpson {Quart. J.R. Met. 
8oc., 67, 163, 1941) infers from this that the nuclei cannot be solid 
for, he says, a solid nucleus would increase or decrease in diameter 
quite suddenly with an infinitesimal rise or fall in relative humidity 
above or below that corresponding to equilibrium over a saturated 
solution of the material concerned, and of this there is no evid^oe. 
Thus sea-salt nuclei, which undoubtedly exist in the atmosphere, 
and which have been widely accepted as primarily responsible for 
cloudy condensation, are now held by Simpson to be inoperative in 
this respect, and for the further reason that sea-spray is thought to 
be incapable of producing nuclei of an appropriate size, about 0-1 to 
1 fi diameter, in quantities sufficient to make good the loss from the 
atmosphere by rain. He coiisiders, on the other hand, that the 
effective nuclei must be liquid, probably acid, e.g. nitrous acid, and 
in tills supports Findeisen (Met. Zeit., 54, 377, 1937). But the 
matter is not yet by any means settled. The behaviour of a droplet 
solution of a mixture of salts, as is sea-salt, in an atmosphere in 
which there are spatial variations in relative humidity, is not likely 
to provide the clear-out disoontinuity in the visibility, relative 
humidity curve demanded by Simpson. There is also some evidence 
that acid nuclei, as produced for example in combustion, am very 
small, giving rise to large ions of diameter about 10~* cm., and these 
require considerable supersaturation to grow into visible droplets 
on account of the Kelvin curvature effect. But appreciable super- 
saturation (with respect to water) almost oertmnly does not ooour 
in the atmosphere. . Evidence on the oonsti^tion of nuclei from 
the electron microscope would be very weloome.* 

* Two recent papers by Dessens {Arm. Oeophye., 2, 276, 1946 ; €.R., 
Paris, 223, 916, 1946) throw vediiable fight on the nature of condeaaatiMi 
nuclei. The nuclei were caught on fine threads of goacainer and eawnhiiai 
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Although the aasiunption of sea-salt as the material of con- 
densation nuclei can no longer be accepted without further investiga- 
tion, a paper by Kohler {Nova. Acta. Be^. Scient., Upaala, Ser. 14, 
12, No. 6, 1941) on the range of diameters of droplets produced by a 
jet of air impinging on sea water is of interest. Using a Millikan 
chamber, he found spray droplets with diameters less than 0-3 ^ — 
the lower limit of measurement — ^with a majority of drop diameters 
between 0’3 fi and 0*7 fi, the contained sea-salt varying between 
2 X 10“ gm. and 10“ gm. per drop. These observations appear 
to dispose of the occasional criticism that spray droplets and the 
resulting nuclei are not produced with sufficient smallness to remain 
air-bome indefinitely. 

Althoiigh the nature and properties of hygroscopic nuclei 
responsible for the formation of water droplets in the atmosphere 
(at temperatures below as well as above 0° C.) ils still in some doubt, 
the position regarding the nature and numbers of ice sublimation 
nuclei is even less satisfactory. Evidence has, however, been 
produced from high-flying aircraft equipped with a frost-point 
hygrometer (Dobson and Brewer, J.R. Aero. Soc., 50, 1946) that 
the atmosphere at levels where the temperature is below about 
•— 10® C. is frequently supersaturated with respect to ice, though 
still unsaturated with respect to water. The inference is that 
sublimation nuclei are either frequently absent from the middle 
and upper levels of the troposphere, or else are so small (10“* cm. 
in diameter or less) as to require considerable supersaturation to 
become effective. (The conunon occurrence of persistent condensa- 
tion trails produced by high-flying aircraft in a mainly clear sky is 
to be accounted for by the aircraft exhaust providing the neoessmy 

under the mioroscope, and were found to consist of a few relatively large 
droplets or particles, 1 to 10^ in radius, a much greater number of sm a lle r 
droplets or particles from 0-3 /< to 0-6 ^ in radius, and a few too small to 
daeasure. The first two groups of nuclei tend to remain liquid at humidities 
fkr below the equilibrium value for a saturated solution, i.e, they then largely 
ooaaist of droplets of 8up«»aturated solution. But crystallisation occurs 
sooner or later — the more readily the larger the droplet and the lower iho 
relative humidity — and the almost instantaneous evaporation which then 
talcM place often leads to a sort of explosion in which several very small 
isrystals may be produced, later to exist for most of their lives in liquid form. 
To the production of several small crystal nuclei foom one larger nucleus at 
low humidities Dessens attributes the higher observed concentration of 
nuclei over land, where the hqpudity is not unlikely to t>e low, than ovor the 
sea. 

The crystals are sometimes cubic and likely then to be sodium chloride, 
btit mom often they are not cubic and are possibly then salts of magnesium 
or Aiiunoniutn. (Added in proof.) 
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nuclei of sublimation in a supersaturated atmosphere.) Further, 
the fact that ice crystals are rarely, if ever, formed in a rising current 
of saturated air at temperatures above about — 10° 0. suggests that 
the sublimation nuclei are always so small as to require appreciable 
supersaturation — saturation with respect to water at — 10° C. 
produces a relative humidity of 110 per cent, with respect to ice (see 
Simpson, Quart. J.R. Met. Soc., 67, 99, 1941). The existence of such 
fine solid nuclei (for sublimation nuclei are presumably necessarily 
solid) is itself a problem, for hitherto it has been supposed impossible 
to produce solid particles less than 10“®cm. in diameW by disintegra- 
tion of larger masses. 

Pure ice crystal (Cirrus) clouds are, of course, quite common, but 
they are notable for the rather large size and smallness in number 
(1 to 10” * cm."*) of the constituent crystals (Findeisen, Micro- 
physics of Clouds, International Aerological Commission, Berlin, 
1039). Thus, the number of effective sublimation nuclei is small, a 
point of interest in relation to the fact mentioned above that on many 
occasions no cloud is formed in considerably supersaturated air. 
Regarding this point, Findeisen {Met. Z., 59 , 349, 1942) claims 
evidence for a “ spectrum ” of sublimation nuclei, and he finds 
further that two markedly different types occur, one effective 
mainly in the range between — 10°C. and — 20° C. with con- 
centrations varying between one and a few hundred per litre, the 
second effective between about — 26° C. and — 36° C. with 
concentrations often exceeding 1000 per litre. 

The problem of ice crystal formation has been studied intensively 
in Germamy immediately before and during the war, and a certain 
amount of order has been brought into the subject, mainly on lines 
developed from Volmer’s germ-theory. There is no space here to 
go into detail, for which the reader is referred to Kraistanov {Met. Z., 
57 , 357, 1940 ; 58 , 37, 1941 ; 60 , 16, 1943 ; 61 , 19, 1944), Wall 
{Met. Z., 59 , 177, 1942 ; 60 , 94, 1943), Schwertfeger {Met. Z., 60 , 
191, 1943) and Mndeisen {he. cit., 1942). 

Cwilong {Nature, 155, 361, 1946) has made carefully controlled 
experiments with a modified Wilson cloud chamber on the nature 
of condensation products as a function of temperature below 0° 0. 
He finds that in air thoroughly cleaned by repeated expansion liquid 
water droplets only are formed down to — 36° 0. ± O-l® however 
big the expansion ratio. As the expansion temperature falls below 
— 36° 0. ice crystals appear with water droplets, the proportion of 
ice crystals increasing with lowered temperature, and water droplets 
cease to appear at about — 60° C. The appearance of tfie solid 
phase does not depend on the supersaturation. Below — 80° C. 
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the number of partiolee formed deozeases and a few appear as 
relatively large grains of soft hail, while below — 120° C. no partioles 
are formed. The density of the ioe cloud is increased by X-ray 
ionisation, but the limiting temperatures are unchanged. 

In ordinary atmospheric air the limiting temperature of — 36° C. 
increases to — 27° C. ± 0-6°, and with the admission of tobacco 
smoke to — 23° C. The other changes noted above are the same 
as in pure air. Cwilong does not state the supersaturations attadned, 
but he remarks that ioe crystals are formed at supersaturations far 
smaller than those necessary to form water droplets. 

2. The Sizes of Cloud Droplets and the Water Content of 
Clouds 

A good deal of effort has been directed in recent years to the 
determination of the mean size and distribution of diameters (up 
to about 100 (i, the rather arbitrary limit between cloud and drizzle 
drops) of the droplets composing clouds, the importance of such data 
being in respect of the mechanism of cloud growth and also in 
rdation to a number of practical problems such as aircraft icing and 
radar echoes from clouds. Two main lines of approach have been 
developed. The first, a direct method, consists in the capture of 
cloud droplets on a suitably prepared and exposed surface, and the 
later counting under the microscope of the droplets or their impres- 
sions with reference to the diameters. The recent exponents of this 
method are Houghton and Radford in the United States {Maae. 
Inst. Teehn., Pap. Phys. Ocean, and Met., 6, No. 4, 1938) and Bricard 
at the Puy de Ddme in France {La Mit., 15 , 83, 1939 ; C.R. Acad. 
Sc., Paris, 214 , 439, 1942 ; see also Pauthenier and Brun, ibid., 
211 , 296, 1940, and Coulomb and Loisel La Physique Nuages, 
Puis, 1940). A second, indirect method, used largely in relation to 
the investigation of ice accretion on aircraft flying through clouds of 
supeioooled water drops, consists in observing the nature and the 
amount of rime deposit on cylinders of varying diameter exposed 
to the windbome cloud elements. This method has been used by 
Biem, simidtaneously with the first method described above, on 
subron^ in Germany {Ann. Hydr. u. Mar. Met., 70 , 142, 1942), and 
on aircraft in the United States and at the Harvard meteorol<^oal 
observatory on Mount Washington (Dolozel, Cunningham and Katz, 
B«U. Amer. Met. Soc., 27 , 261, 1946) ; it gives in the main a kind of 
average drop diameter. The estimation of drop diameter from the 
radius of coronse produced by clouds has also been used, but 
Hw knethod is poor ; there is generally little precision to ihe measure- 
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ment, on account of the Tagueness of the ooronac — evidence of a 
dispersion in drop diameter — and the order of the corona observed is 
sometimes doubtful. 

Houghton and Radford used glass slides coated with vaseline and 
evened at 160“ C. to provide a tiniform surface. The slide was 
exposed to fog or cloud for an unmeasured time sufficient to ensure 
m adequate sample, the deposit was photogp'aphed and the drop 
diameter distribution determined. Here accuracy depends on (a) 
obtaining a true sample from the cloud or fog; (6) preventing evapora- 
tion (or condensation) between sampling and counting ; (c) establish- 
ing the appropriate law of flattening of the drops in the collecting 
medium ; (d) avoiding impact shattering and coalescence of the 
precipitated drops. A very thorough experimental and theoretical 
investigation of these matters by Langmuir {General Electric Report, 

“ Supercooled Water Droplets in Rising Currents of Cold Saturated 
Air ”, Parts I and II, 1944 ; see also Dolozel et al., loe. cti.), shows 
that appreciable errors may arise on all the above counts and that it 
is in fact exceedingly difficult to obtain accurate size-distributioh 
curves and mean particle diameters by tiiis method. He suggests, 
for example, that Houghton’s figures for mean diameter may w^ 
be 36 per cent, too high in certain oases, with corresponding errors 
in mass distribution. Langmuir does, however, show that Hte 
method is capable of giving accurate values for particles down to 
6 ^ in radius, provided a number of conditions are rather exactly 
fulfilled, the most important being that the covering fraction (the 
fraction of surface covered by drops) shoifid be almost exactly 0*1. 
In the course of these tests Langmuir showed that a hydrophobic 
surface dusted with soot was much better than Houghtcm and 
Radford’s vaseline-coated slides. The drops mako a permanent 
impression^ on the soot and the behaviour of drops after impaoit^is 
then of no consequence to the later measurements. Langmuir 
speaks of using this technique in clouds, but so fw no representative 
results appear to have been published. A well-developed instru- 
ment which makes use of the impression technique, on magneedum 
oxide rather than soot (other suitably prepared slides may also be 
used), has be«a described by Mays (J. 8vi. Irudr., 22, 187 and 247, 
1945) and has been termed the Cascade Impactor. It embraces a 
aerieb of four jets and slides, so designed that an automatic grading 
of the particlee is provided, counting is facilitated and a ohedc 
provided against coalescence or evaporation of droplets on the kift 
three slides when coated in oil. The instrummit is oapt^e of dealing 
^urately with particles from I /t to diameter, and valuable' 
infiormation may be obtacned fior partiolee up bo 200 j». It has been 
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used on urorsefb flying in cloud in this oountoy, but so far no 
systematic observations have been published. 

Brioard’s earlier measurements were made using a technique 
similar to Houghton and Badford’s, but he, and Pauthenier and 
Brun {loc. cit), have also used electrostatic precipitation in a 
cylindrical condenser, the wall of which is covered with paper 
impregnated with methylene blue. Each drop leaves a permanent 
stain of a size related to the drop diameter, the relation to be 
determined by a rather difficult calibration. 

In view of Langmuir’s findiiigs mentioned above, it is doubtful 
whether any great precision can be attached to the measurements 
of drop-size distribution so far published, and in any case such 
measurements have largely lacked the coherence necessary to enable 
them to be systematised in relation to the other relevant meteoro- 
logical variables. The whole experimental problem is, indeed, 
extremely complex and requires very great effort, particularly if all 
necessary observations are to be obtained in the range of repre- 
sentative meteorological conditions. Certain important results have, 
however, been arrived at and are probably acceptable, except as to 
the absolute values which have been quoted. Thus droplet 
diameters at any one position in a cloud at a given instant cover a 
considerable range, but there is always a fairly well-marked maximum 
in the drop-diameter spectrum and in the volume-distribution curve, 

in the curve of nd* against d, where n is the number of drops of 
diameter d. The position of the maximum varies from one part 
of a cloud to another, and is mainly different in different types of 
cloud. Thus Houghton' and Radford, workmg in sea fog, found 
maxima in forty volume distribution curves ranging from 12 ;u to 
94 ju, but with a marked predominance between 40 and 50 pt 
(Langmuir’s analysis suggests these values may be high), with about 
90 per cent, of the total liquid water content contained in a 10 /u 
baud cmttred on the individual maxima. The distribution curve 
was fouiul to remain practically the same in a given fog over a period 
of several home. The mean drop diameter in most eUmds is certainly 
much lees than in sea Thus Brioard gives mean values for the 
ifwau drop diameter of 10 ft in nimbostratus, 8 ft in stratooumulus, 

0 p in otrinolus and 4 in stratus (cumulonimbus clouds, it is to be 
Bolted, are not included), while Diem’s values are appreciably larger, 
bat still much below Houghton and Badflnd’s for fog. The number 

01 drops p«? unit volume of cloud is of the order of a few hundred 
per cm.*, largely independent, as far as can be seen from int^ated 

. dlspen^n ocun^es, of the liquid water content of the cloud, while 
inerease of the latter is associated with some increase in mean drop 
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diameter and of the maximtini in the volume distribution eurve in 
a given type of cloud. (See also below.) 

The indirect method of investigating cloud structure by the 
deposition of rime on fixed or rotating cylinders has added very 
considerably to our knowledge for clouds composed of super-cooled 
drops, thanks largely to the work of Langmuir {loc. cit.). The 
technique developed arises from the fact that the droplets in a 
stream of air approaching a circular cylinder, held with axis normal 
to the wind, are deflected from their original paths by an amount 
depending on the diameter of the droplets and the cylinder and on 
the wind speed. The catch of the cylinder increases with increase 
in drop diameter and wind speed and with decrease in cylinder 
diameter, according to a theoretical treatment suggested by Taylor 
(Bep. and Mem., Aero. Res. Com., No. 2024, 1940) and developed by 
Glauert (ibid.. No. 2025, 1940). If the cylinder is fixed the deposi- 
tion of rime is asymmetric about the cylinder axis, building out 
from the forward stagnation point, and the theoretical treatment 
quickly loses validity, but if the cylinder is rotated the catch is 
synunetrically deposited and the theoretical treatment retains 
validity. Glauert’s treatmcmt is based on the applicability of 
Stokes’ Law for the particles composing the cloud, whereas at high 
wind speeds or at aircraft speeds this ceases to be adequate, for 
drops more than a few microns in diameter. Langmuir has therefore 
extended Glauert’s treatment to take account of the departure fiwm 
Stokes’ Law, using the differential analyser for the solution of the 
equations of motion in this case. If now a number of rotating 
cylindor»of varying diameter are mounted fade by side, the differing 
catch per unit width of the respective cylinders enetbles the total 
water content of the cloud and the diameter of the droplets to be 
deduced (the procedure amounts in effect to extrapolating to zefo 
diameter of cylinder). In fact, the Glauert theory is valid for one 
size of drop only, but Langmuir has shown that the diameter of the 
drops deduced from the measurements of deposition is equal to the 
v<^ume-median diameter, i.e. a diameter such that b«Jf the liquid 
water content is in droplets of forger diameter and half in droplete 
of smaller diameter, provided the volume-distribution curve is not 
materially broader than observed by Houghton and Radford (loc. 
oii.). If the dispersion is materially forger than this the ealoufoited 
diameter is a few per cent, greater than the volume-median diameter, 
but there is then usually evidence frmn the deposition on the larger 
cylinders that the dispersion is anomalous. s 

Langmuir has analysed rimmg data obtained on Mosmt Washiaig-’., 
ton, elevation 6290 ft., in windjfeedsran^^ from 24tt> IIO vd./ia., 
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in temperatures from — 26® F. (— 32® C.) to + 29® F. (— 2®C.), 
aiul in clouds whose liquid water content varied from 0'091 g.m.“® 
to 1‘13 g.m.“®, volume-median drop diameters from 6-4 /< to 24 yu 
and drop concentrations from 47 cm,~® to 1560 cm.~®. He found 
that the volume-median drop diameter (in n) is related with air 
temperature T (° F.), water content w (g.m.“®), and wind speed 
V (mi./hr.) by 

^vm 0'016(74 T)f 1 

the agreement of the experimental data with this formula being 
very close in respect of w/Y, a source of large variation in d^, but 
rather poor in respect of T, a source however of much smaller 
variation in d^. The increase of d^ with T and w is rightly 
regarded by Langmuir as an important meteorological result which 
he goes on to relate with the process of drop growth (see para. 3 
below). The dependence on wind speed is, however, not to be 
regarded primarily as a meteorological phenomenon but arises from 
the particular site of observation ; the wind speed is, in fact, a 
measure of the vertical velocity of the air in the cloud moving up 
the slope of the mountain and is, therefore, im|x>rtant in determining 
the age of cloud droplets created by the upslope motion. This age 
Langmuir considers to control very largely the drop size (8eepage498}. 

The number n of drops per cm.*, deduced from d^ and w, is 
given by Langmuir as 

« = 0 22(66 - T) V(lOw)-® ** 
or » = 0-32(70 - T) 

These equations fit the data for n and V quite well, but the corre- 
lation between n and w (or n and d) and between n and T is 
poorer. 

The total liquid water content, however dispersed, of cloud is 
of great importance in itself, and is, of course, deducible from drop- 
size distribution curves taken from measured volumes of cloud. 
But the method is obviously not an accurate one, particularly in 
view of the difficulties attending the measurement of drop-size 
distribution curves. Measurements of rime deposition on cylinders 
will also, as we have seen, provide the water content, but this method 
is restricted as to temperature. There is, therefore, much point in 
Tnii.king direct measurements of water content, but even in this 
apparently simple procedure the difficulty turns out to be con- 
siderable (several hundred per cent, error is readily incurred) and 
we still do not possess representative values of water (or ice) content 
over the range of meteorologioal conditions in different types of 
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cload. Radford, in the Houghton and Radford paper referred to 
earlier, has desoribed a fog-sampling apparatus, consisting essentially 
of a filter through which the air is aspirated at an appropriate speed. 
The filter is surrounded by a guard ring five times the diameter of 
the filter in order to ensure the absence of owitrifuging of droplets 
from the sampled air. Radford gives a few values of water content 
in sea fog, and in cloud on Mount Washington, ranging from about 
0-01 to 1 gm./m.*, but no correlation is attempted .with the prime 
meteorological factors. Water contents up to 6 gm./m.* have been 
reported (Lacey, BvU. Armr. Met. Soc., 21, 367, 1940), and such 
values are probably by no means exceptional in precipitating clouds 
where, however, a majority of the water is likely to be contained in 
drizzle and raindrops above the limit of lOOyu normally taken as the 
upper limit of cloud-drops proper. 


3. Thbobbtical Considerations on the Size Distribution and 
Growth of Cloud Drops 

Schumann {Qmrt. J.R. Met. Soc., 66, 195, 1940) appears to be 
the only worker so far to have seriously tackled the problem of the 
theoretical form of the drop-size distribution curve, as opposed to 
the mean diameter merely or some other specification of the effective 
size of cloud droplets. (The problem is not, however, new in regard 
to dispersed systems in general.) He assumes that, by virtue of 
Brownian motion, turbulence and differential rates of fall of drops 
under gravity, collisions between the drops occur leading to 
coalescence in all cases. It is, in fact, by no means certain that 
collision always leads to coalescence, but the assumption is a natui^l 
one to make in an initial attack upon the problem. He further 
assumes in the first instance that the frequency of collision is inde- 
pendent of the size of the drops, an assumption which Schumann 
realises to be rather inadequate. The first assumption leads, of 
Qourse, ^ the result that the average size of the drops inoreasee with 
time and the second then leads to , 


,K,)- "g .,p( : 

or »(v) = (V/if*) exp {— v/iJ} . . . 

where »(») is the number of drops per cm.* of volume «. 
Ng is the total initial number of drops per 4 )m.*. 
t is the time. 

V is the total vc^me of water per cm.* of air. 

0 is the average volume of drops. 


( 1 ) 

(I**) 
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and p KNe/2 where K is the collision frequency constant, 
t.c. the collision frequency between drops of 
volumes Vf, v, per unit concentration of drops of 
each size, assumed independent of v^, 
for an assumed initial distribution 


»o(v) = • ' • (2) 


Schumann then goes on to show that equations (1, lo) are likely 
to be valid after a sufiSciently long time, whatever be the initial 
distribution, but he is only able to supply a formal proof for the case 
when the drops are initially all of equal size — a very different 
distribution from that given by (2). 

Corresponding to (1), Schumann gives for the drop-radius 
distribution 


n(f) 


3r»Ng 


R*(l +pt) 




where n{r) is the number of drops per cm.® of radius r and 
4»R*/3 = V, and for the volume-distribution curve (see para. 2) 


U(r) = 


+Pf‘) I 3r„J 


( 4 ) 


where U{r) is the fraction of water occupied by drops in the range 


r to r + dr, and r„^ = (^)^) 


is the radius at which the volume- 


distribution curve attains a maximum. 

Equation (4) is compared with Houghton and Radfbrd*s (foe. dt.) 
three published distribution curves, and there is excellent agreement 
with one of these (the one which, on the basis of Langmuir’s analysis, 
is likely to be the most reliable) and someVhat poorer agreement 
in two other oases. This, however, is not an absolute test of the 
thooty, and Schumann proceeds to investigate whether co^escenoe 
by oollirion adequately accounts for the actual size of drops. He 
i^dws first that collision due to Brownian motion is outweighed by 
OOUiBion dtie to differences in terminal velocity of fhll (Stokes’ law 
regime) for r greater than about 3 ju, the absolute law of growth 
under Brownian motion being 

= 0-0026(Vf)®‘* 
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and under ooalesoenoe due to differential rates of fall 




1 - 3-23 X 10*V#r„ 


or < = 31 X 10-*?^ 


where = r# at < = 0. 

Combining these two laws of growth the figures of Table 1 are 
obtained for the time of growth from negligibly small drops up to a 
maximum of 16 // (limit of Stokes’ Law) when V = 1 cm.®/m.* 


TABLE 1 

TiMss ojf Growth of Drops to speoifibd rm for V =» 1 



t (min.) 

(/<) 

1 (min.) 


( (minO 

1 

... 5-3 

6 . . . 

. . 127 

u . . . 

. . 166 

2 

... 28 

7 . . . 

. . 138 

12 . . . 

. . 169 

3 

. . . 61 

8 . . . 

. . 148 

13 . . . 

. . 172 

4 

... 90 

9 . . . 

. . 156 

14 . . . 

. . 176 

5 

. . . Ill 

10 . . . 

, . 161 

16 . . . 

. . 178 


Schumann rightly regards these times as excessive, particularly 
for growth up to about 8 bearing in mind that the water content 
is often only about one-tenth of the assumed value. The reason 
is likely to be found in the neglect of evaporation and condensation 
processes considered quantitatively by Langmuir (see below). 

Schumann concludes his treatment by a consideration of the 
case when the collision frequency is a linear function of the drop size, 
and arrives at an integral equation for the distribution function 
which has so far defied solution. 

It will be noted that Schumann treats throughout with a cloud 
(or fog) of constant water content, and it is not immediately evident 
how a change in V corresponding to the growth of a cloud or fog 
will modify his results. 

Langmuir (Zoc. cit.) has developed a “ time-of-rise ” theory, or 
more simply an age-theory, in connection with his analysis the 
Moimt Wa^ngton riming data, which, he claims, gives an exodlent 
explanation of the drop sizes observed in those experiments (see 
para. 2) and which he believes may be extended to cover all stages 
in the growth of a doud up to the rain or snow stage. This theory 
is based on the excess vapour pressure at a curved surface (Kelvin 
effect), as a result of which an initial distribution of drop^diameters 
becomes changed, due to evaporation from the smaller drops and 
condensation on the larger, with a concurrent decrease in ooncentra- 
tion of the drops. Because the relative excess vapomr pressure over 
a curved surface is so small for drops greater than about 10“* cm. 
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diameter, it has oomqionly been supposed that the effect is of no 
jMraotioal importance once droplets reach this size. That is true as 
far as evaporation in an unsaturated atmosphere is concerned, but 
in a near-saturated or only slightly super-saturated atmosphere, 
such as occurs in clouds, Langmuir considers the effect to be pre- 
dominant up to droplet diameters of about 30 n, and this limit 
of size probably takes in a majority of non-precipitating clouds. 

Langmuir first develops the equation of evaporation of, or 
condensation on a droplet, viz. 


r dr/dt 


MDde 

Pu^T 


( 6 ) 


where r is the radius at time M is the molecular weight of water 
vapour, D the coefficient of diffusion of water vapour, p„ the density 
of water (== 1-0), R the universal gas constant, T the temperature 
and Zlc the excess vapour pressure at the surface of the drop (in the 

oases considered here, of excess due to curvature only, Jc = t 

^ pJRTr 

where y is the surface tension and e the saturation vapour pressure 
at temperature T). When r is less than about 10“® cm. and com- 
parable with the mean free path A of molecules Langmuir’s formula 
for evaporation in high vacuum is introduced in (5), together with 
the above form for Ae, giving an integration for the life < of a drop 
of radius r in a saturated atmosphere * 

l/nM/KF') 


M 


'M*/{ey) 

= 6-21 X 10» T® r^/{ey) = ar», say 


( 6 ) 


(Inserting numerical values, the life of a particle of 10“® cm. radius 
in saturated vapour at — 10° G. is 0-012 sec.) When the droplet is 
greater than 10~’ cm. diameter (5) may be integrated immediately, 
on substituting for de in terms of r, and gives 

t = (r» - r») = /3(r» - rj), say . . . (7) 

where t is the time taken for the drop to decrease from r to 
(r^ w X). For most purposes r? may be neglected cf. r*, and we then 
have, as an example, the life of a droplet of 1 radius at — 16° 0. 
an 6-2 sec., whereas for r *= 10 /t, < *= 6200 sec. 


♦ Thin |m>oedure neglects the effect of the hygroscopic nucleus on which 
the drop is formed and so < as given is lui underestimate ; in fiset, the drop 
will not completely evaporate in a saturated atmosphere (see Simpson, Quart, 
Jf;. B. Met. Soe., 67, 106, IWl). But this error is not likely to affect seriously 
Langmuir’s later conclusions on cloud development. 
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Langmuir now applies formulae (6) and (7).ito a cloud of droplets, 
making the assumption that the relative size-distribution function 
remains unchanged during the process of drop disappearance and 
growth. This condition is not likely to be strictly fulfilled, but the 
effects of curvature are not in fact sensitive to moderate changes 
in the distribution function. It is also satisfactory to apply (6) and 
(7) to the cloud as distinct from individual drops, since the drops in 
all clouds are on average widely separated (c/. para. 2) and do not, 
therefore, interfere except indirectly with the evaporation process 
at any one drop. The tot assumption loads to the result that the 
fraction of drops disappearing in unit time should vary inversely 
as the life t of the drops of average size. Expressed formally 

— (log n)— — in the range of r for (6) . . (8) 

dr * ^ kt koLf* ^ ^ ^ ' 

and = — — in the range of r for (7) . (9) 

k^r* 

where k is a constant depending on the distribution function, of order 
unity, and to be determined from experimental data. 

In air expanding adiabatically at a uniform rate, with nuclei 
sufiScient to prevent more than infinitesimal supersaturation, the 
total water content increases approximately linearly with time from 
the instant of saturation. Thus nr* = ct where c is a constant 
determined by the rate of formation of water, t.e. by the temperature 
and vertical velocity. Differentiating this equation logarithmically 
and inserting (8) gives 

r* = -t- At* . . . r < 10~® cm. . . (10) 

ka 

where A is an integration constant, while inserting (0) gives 

r* = ^log B < . . . r > 10~* cm. . ' . (11) 

kp 

where B is a further constant of integration. 

For very small t equation (10) gives r « which with nr* = ct 
makes n independent of time and for these small t 

n = n#, say, 3S= C/A* 

Introducing this in (10) 

r» = -f fiy . . . r < 10-» cm. . . (12) 

ket Vn,/ 

If no is very large, t.e. if the nucln are very numwous, or sufficient 
to make the second term of (12) nej^ble 

r* ^ . . r <10~‘om. . . . (120) 

k* ' . 
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The oonstant B in (1 1) may be evaluated by making the two solutions 
(10) and (11) continuous for f = = 10“® cm. at i =» and 

r* = r» t/t^ + l~ log t/ti ... r> lO"* cm. . . (13) 


ct/ui + ~ log t/ti r > 10“^ cm. . . (13a) 

kx 

If the nuclei are initially unlimited, ct/ni is negligible c/. r* and 
(13a) reduces to 

r» = ^\ogt/tx . . . r > 10“*cm. . . (136) 

hx 

where, firom (12a) with t = t, for r =» 10~® cm., 

= 6 X 10-*‘jfca .... (14) 

Equations (13) apply to the main body of the cloud, the time t 
being the time the air has taken to rise from the base of the cloud to 
any level under consideration. As the air rises the concentration 
of (droplets decreases while the radius increases. The figures of 
Table 2 indicate the scale of the process. These are to be contrasted 
with the figures given in Table 1 based on growth by coalescence. 


TABLE 2 

Radius or Wactb DBorucrs in Micboms as a Function or Tons and 

Tsmtcbatubb 

Bsssd OD A 1 ; for other k multiply by 1/1;' *.) 


XCC.) 

i (sec.) j 


1 

10 

40 r 

80 

120 

BOO 

BOO 

1200 

3800 

20 

2*31 

5-48 

9*13 

11*75 

13*80 

18*9 

24*2 

31*0 

45*9 

0*0009 

10 

IBB 

4*35 

7-29 

9-38 

10*86 

16*16 

19*4 

24*9 

308 

0*0016 

0 

1*42 

8*42 

8-70 

7*86 

8-SS 

11*9 

16*2 

19*4 

29*1 

0*0030 

^ 10 

107 

2-60 

4-37 

5*65 

6-66 

9*17 

11*8 

16*2 

22*6 

0*0060 

- 20 

0-78 

103 

3 26 

4*24 

4-90 

6*86 

8*9 



11*4 

170 

' 

0*0127 


For application to the rinA measurements on Mount Washington 
it is necessary to determine t in each case. Langmuir takes 
f n h/8V where h is the height of the level of observation above the 
cloud base, S the sloxie of the mountain (» 0-32) and V the wind 
iqieed, realising that conditions may sometimes arise when the age 
of the dtops is not adequately obtained by this simple formula lyhioh 
gives, rather, a lower limit. The height h is given by the water 
ooRtemt to of the okmd (all condensed water is assumed to be retained 
the rising sir) and the temperature at the, level of observation 
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according to thermodynamic calculations made by Langmuir or as 
readily deduced from a tephigram or other thermodynamic chart, 
and one then finally obtains 



the factor of proportionality being dependent on temperature. 
From t the theoretical radius is obtained from Table 2, apart from an 
uncertainty regarding the appropriate value of k, overcome by 
making k times the mean theoretical value of r* equal to the mean 
observed value of r* ; this gave = 1-25 {k = 0-61). 

The individual values of r thus determined were correlated 
logarithmically with the individual observed values, and a coeffi- 
cient of 0-966 resulted when a small fraction of the observations 
were excluded as being clearly unrepr^ntative of the general run — 
these excluded values are likely to have arisen by the sampling of 
cloud which did not reach the point of observation directly from the 
base of cloud, as evidenced by excessively large radii. The agree- 
ment between theory and observation for the majority of oases is 
undeniably excellent, while the empirical relations which were 
deduced from the riming data, and which have already been given 
in para. 2 (q.v.), are also in excellent agreement with the theory, 
though there is a formal difference due to the methods of analysis. 
Langmuir points out that other theories advanced in the past are 
not consistent with his empirical relations deduced from riming. 

Langmuir promises a development of his theory to take account 
of the later stages of growth, where in the higher cloud levels w 
becomes large and the drops begin to fall, at an appreciable rate 
through the air, so that equation (6) is no longer applicable. This 
stage is accompanied by growth by accretion according to laws 
similar to those governing the formation of rime on cylinders, and 
when certain rather critical conditions are reached the accretion is 
so rapid that the cloud produces drizzle or rain. He suggests that 
a quantitative theory of rain formation is now in sight. This 
speculation is of interest in relation to Simpson’s (7oc. dt.) con- 
clusion that the Bei^eron theory of rain formation, which demands 
the coexistence of ice crystals and water droplets, is not in fact 
necessary when the vertical velocity is large, though it is iio 
doubt often in evidence. 

We have described Lai^muir’s theory in some detail because ^f 
its manifest potential importance to a fundamental meteorologies^ 
problem. Findmsen {Met. Z., 56^ 46S, 1930) has S>1so writtefi on 
the theory of evaporation of cloud droplets and hds extended the 
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work to the evaporation of drizzle and rain, obtaining a number of 
im^rtant conolnsions which have been summarised by %mpsoa 
(loc. cit.). In this he heu made use of FrOssling’s (Beitr. Oeophys., 
62, 170, 1038) detailed observations on the evaporation of drops 
(O'l mm. < r < O-O mm.) beyond the Stokes’ Law regime. But 
Findeisen neglected the effect of curvature and, while this does not 
materially affect his oonclusions regarding evaporation of small 
droplets in an unsaturated atmosphere, it meams that he missed 
the important conclusions of Langmuir and misinterpreted his own 
results in relation to rain formation (Findeisen, Met. Z., 56, 365, 
1930). On this subject readers are also referred to a very com- 
prehensive paper by Fuchs (Phya. Z., Soviet Union, Kharkov, 6, 224, 
1034) on evaporation and condensation of small droplets, a paper 
which has probably been overlooked by many meteorologists. 

4. iNVKSTiaATION OF CliOTOS BY BaDAB 

An important additional tool in the investigation of clouds has 
emerged during the war with the development of oentimetrio radar. 
The nature of the echoes obtained from clouds in relation to their 
structure has been summarised by Sheppard {Nature, 157, 860, 
1946) and will be dealt with in more detail in papers by Appleton, 
Ryde, Westwater and Boss in Report on Meteorologioal Factora in 
Radio Wave Propagation (R. Met. Soc. and Phys. Soc., 1947). 
(See also Maynard, J. Met., 2, 214, 1046 ; Bent, ibid., 3, 78, 1946 ; 
Miller, Bull. Amer. Met. Soc., 28, 10, 1947). The intensity of the 
echo from a cloud composed of true cloud droplets {d of order 10 yu) 
is theoretically proportional to nd*, i.e. to the water content, but for 
larger drops composing drizzle and rain is proportional nd*. Thus 
radu provides a very sensitive detector of the presence of larger 
drops. 

A complete correlation between radar echoes and cloud structure 
has not so far been made because, as is evident, we lack the data 
<nt dood particle concentration and diameters in thoroughly repre- 
sentative eonditums suoh as are not likely to be obtained on any 
motmtaiB station. But it appears likdy that with a little more 
kaewledge thme will be a twofold advance— in gaining a greater 
understanding of oenrimetario radio scattering and in applying this 
in tom to the examination of certain very important aspects of 
'ckHid struotuie, particularly of cumulonimbus cloud whate tile 
water oonteBt and di»p disraeters usually provide good echoes. 
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QROANIC CHEMISTRY. By A. W. Johnson. Ph.D., A.R.C.8., The 
University. Cambridge. 

crciOOCTATKTBABNB. — Information has recently been released by 
the Ministry of Supply that a method for the polymerisation of 
acetylene to cyctooctatetraene had been develop^ by Reppe and 
his co-workers in the Ludwigshafen laboratories of l.G. f^arben. 
Cyclooctatetraene is thus transformed from a text-book curiosity 
to a fairly readily available intermediate. 

The original preparation of cycfooctatetraene [i] was the out- 
come of a brilliant, though laborious, synthesis by Willstatter and 
his co-workers (Ber., 1911, 44, .3442) starting from v'-pelletierine 
[n]: 


CH,— CH— CH, 


CH,— CH~CH 


CH,— CH- 


-CH 


I I I reduoiion snd ^ I Mol ; ^ ^ host tn 

CH, NMe CO CH, NMe CH — ► CH, NMe,}OH CH ► 

I I I dehydration | | | Ag,0 | | | wtouo 

CH,— CH— CH, CH,— CH— CH, CH,— CH CH, 

[ 11 ] 

NMe,}OH 
I 

CH,— CH CH CH,— CH— CH 

OT, NMe, CH CH, 

CH,— CH==CH CH,— CH=CH 

NMe,}OH 
I 

CHBr— CH— CH CH— OH=CH 

L NHMe,: Hel ; < I 

6h CH, CH 


haat 

vacuo 


CH.==OH--CH 


CH,— CH=0H 


CH, 


CH,— CHBr-CH 


Ag.O ( 

OH,— CH— CH 
I 

NMe,}OH 


hast tn 
eaeuo 


CH 


OH— eH=CH 
I 

CH 

I i\ 

OH=CH— CH 

m 


By this method some 3-4 g. of eycloootatetraene wm pruned 
wMdi was desoribed (see also Ber., 1918, 46, 517) as a pale yellow 
liquid, b.p. 42'2-42*4“/17 mm. The hydrocarbon appeared iso 
possess no aromatic stability ; it was readily oxidised by perman- 
ganate or atmospheric oxygen and readily combined wi*^ bromine 
and hydrogen bromide. Hydrc^;enation of the product gave c^ch- 
octane, m.p. C-6^, which was oxidised by niisic acid to suberic add. 
On this evidence, the above stmotural ibnniala was advanced and 
no further experimental work was carried out until 1939 when a> 
number of suggestions were made (summarised by Baker, J. Ohm. 
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Soc,^ 1946, 258) that Willstiltter’B hydrocarbon might be styrene 
on the grounds of similarity between the ohemieal and physical 
properties of the two hydrocarbons. These criticinns disregarded 
the formation of cyciooctane on hydrogenation and the subsequent 
oxidation to suberic acid — definite proof of the presence of a certain 
amount of cyciooctane in the hydrogenation product. 

The recent work of Reppe (B.I.O.S. 137 and supplement, “ Cyclo- 
polyolefines” ; B.I.O.S. 352,“ Cyclopolyolefinea ’’) leaves no doubt that 
the product from the polymerisation of acetylene is chemically 
identical with that originally described by Willstatter, and is cyclo- 
octatetraene. The polymerisation was effected in a solvent, e.g. 
tetrahydrofuran, and in the presence of a catalyst, anhydrous nickel 
cyanide. The presence of a drying agent, e.g. calcium carbide, was 
also claimed to be advantageous. The reaction was effected under 
pressure and at a temperature of about 80° and yielded a mixture of 
cyclopolyolefines : 


mfo^oootatetraene 

* 


azuiene 


b.p. 142~143®/760 mm., ^Iden yellow 
b.p. 190-1 95°/760 mm., deep yellow 
b.p. 230-235^/760 mm., light yellow 
m.p. 99*5®, deep blue 


No indication was given of the formation of any aromatic hydro- 
carbons which is surprising as cyclooctatetraene has a higher energy 
content than benzene. 



Heat of (k)i»bujiUon 

Heat of Fonoatlon 


(K oal./mol.). 

(K cal./mol.). 

Benzene 

783 

12-4 

CyoloootatetrAene . . 

1069 

- 40 


The proportion of the higher polymers was favoured by higher 
reaction temperatures, but the exact structures of these polymers 
is still in doubt. Hydrogenation of does not give cycledeoane 

and further oxidation does not give sebado acid which rules out any 
possibility of a cydodeoapentaene structure. Vinylcyclooctatetraeite 
is a ftutiier possibility but more experimental evidence is required 
on this point. Very little data is available on the structure of the 
isomer, but it is very unlikely to be cyolododeoahexaene as 
suggest. 

As was observed by WUlst&tter, cydoootatetraene shows no 
atumatic character. It is fisirty readily oxidised by air to an 
amorphous white solid, is easily attacked by oxidising agents and 
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easily addsibialogena. It bdiaves as a typical diene in Dids-Aldw 
syntheses and can be dimerised on heating. Reactions of cych- 
octatetraene where the 8-ring is presenred are as follows ; 


COOH Li 



Hydrogenation yielded sucoessiTely cycloootene and cycioootane, 
both of whiidi may be oxidised to suberic acid with nitric lusid. 
The formation of cycioootyloarbinol by the action of carbon mon- 
oxide and hydrogen on either (^cloootatetraene or eyoiooctene and 
the conwersion of oycioootene to <^cioootyloarboxylio add are 
interesting apphoations of the recently developed carbon monoxide 
reactions. The action of per-acids on cpdoootatetraene gave the 
monoxide [in] which may be hydrogenated to cycioootanol m re-- 
arranged, quantitatively, by the action of dUnte adds to pbanyl- 
acetaldehyde. Lithium was claimed to add 1 : 4-to cydoootatetraeoe 
and the dihthium addact {iv] oo«ld be oarboi^lated to the cor- 
responding cycloootatriene dioarboxyhe add [v] or hydrolysed to the 
cpdodetatriene [vi]. 
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Cyefoootatetraene may also be oonverted to a variety of aromatic 
compoQikUi : 

COEK) 

PhCH,-CHq 

Hr- 

''CHO 


OOOH 

+ PhCOOH 



O. 


PhCOOH 


'COOH 

Treatment of an aqueous suspension of cyc^ctatetraene with mer- 
curic salts, e.g. sulphate, caused rearrangement to phenylacetalde- 
hyde in good yield while substitution of alcohol or acetic acid as the 
solvent led to the corresponding diethylaoetal or phenylethylidene 
diaoetate respectively. Aerial oxidation of cycZooctatetraene over 
a vanadium pentoxide catalyst gave benzoic acid ; oxidation with 
sodium hypochlorite gave a mixture of benzaldehyde and terephthal- 
dialdehyde and chromic oxidation yielded terephthahc acid together 
with some benzoic acid. The yields obtained from these oxidation 
experiments were not quoted, but it is unlikely that they were high. 

A further series of reactions of cyclooctatetraene involves its 
conversion to derivatives of [0 : 2 : 4]6icyck>-2 : 4 : 7-octatriene : 



Ph0H(01le).CH,0Me 
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These addition reaetaons include the action of halogens, and 
the diohloride, obtained by the action of sulpburyl chloride in 
chloroform solution, was proved to be 7 : 8-diohloro-[0 : 2 : 4] 
bicydo-Z . ; 4-ootadiene [vn]. Thus, conversion to the corresponding 
diacetate followed by hydrogenation and hydrolysis gave a saturated 
glycol [via] from which c»«-hexahydrophthalic acid was obtained by 
nitric acid oxidation and cts-hexahydrophthalaldehyde on oxidation 
with lead tetrcM^tate, thus indicating the position of the original 
chlorine atoms. 


Cl 



[vn] 


KOAo 

HOAo 



(X 


OOO.CH, 


O.CO.OH, 



OH 



[Vni] V, pbjoAo). 


COOH 



CHO 



Further evidence for the presence of the 4-membered ring was 
afforded by the Diels-Alder reaction with 1 : 4-naphthoquinone when 
the adduct [ix] was obtained which decomposed on heading to give 
anthaquinone and 1 : 2-diohloro-3-cyclobutene, m.p, 44®. Catalytic 
hydrogenation of this dichloro compound gave cyolobutane. 


O 

Cl 



o 

[VII] 



o, 
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Further rearrangements were observed in certain of the reactions 
of [vn], e.g. acetic acid gave styryl swsetate ; methanol gave «/?- 
dimethoxyethyl benzene and sodium methoxide yielded a product 
which on hydrogenation and acid hydrolysis gave cyoloheptyl 
aldehyde. 

Cyciooctatetraene also gave Diels-Alder adducts containing 4- 
membered rings, e.g. with maleic anhydride, acrylic acid, quinones 
and acetylenedicarboxylic ester. A further proof of the structure 
of the latter adduct [x] was afforded by the formation of phthalic 
ester by the action of heat. On heating cyctooctatetraene under 
reflux at atmospheric pressure, a mixture of polymers are formed, 
from which two isomeric dimers were isolated. The precise structure 
of these dimers is still obscure, although it is possible that they are 
formed by a diene-t 3 q)e synthesis. 

A wide range of cyclooctane derivatives may thus be obtained, 
as well as a number of other hitherto inaccessible compounds, using 
cycloootatetraene as the starting-point, and as the German work was 
interrupted before completion it may be expected that there will 
be further communications on the chemical and physical properties 
of this intriguing hydrocarbon. 

(Estbogbnio Cabboxyuc Acids.— An interesting series of 
papers by Miescher and his collaborators has appeared during the 
last three years {Hdv. ckim. Acta, 1944, 27, 1727 ; 1945, 28, 166, 
991, 1342, 1606 ; 1946, 29, 449, 686, 869, 1071, 1231, 1889, 1896 ; 
1947, 30, 413, 644, 660. Experientia, 1946, 2, 237, 409) concerning 
the preparation and properties of certain substituted hydiophenan- 
threneoarboxylio acids obtained by degradation of oestrone and 
equilenin. These acids have proved to be highly active oestrogenic 
compounds. 

The work began with a re-examination of some earlier degrada- 
tions of oestriol. Marrian and Haslewood (J. Soc. Ckem. Ini., 1932, 
51, 277T) and Doisy and his co-workers (j. Biol. Chem., 1933, 99, 
327) had shown that a Cig dicarboxylic acid could be obtained by 
fusing oestiriol [i] with potassium hydroxide or by the action of 
permanganate on the corresponding 3-methyl ether. The structure 
of this add, now named marrianolio add [n ; R = H] was deter- 
•mined by Butenandt et al. {Bar., 1933, 66, 601), who showed that 
it could be dehydrogenated to a dimethylidienanthrol [m] and thmce 
converted by treatment with zinc dust to 1 : 2-dimethylphenan- 
threne. 
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Miesoher has now shown that marrianolic acid may be more readily 
obtained by a hypoiodite oxidation of osstrone benzyl ether [iv ; 
R =» PhCH,], followed by hydrogenolysU of the l^nzyl group. 
Similar treatment of equilenin benzyl ether gave bisdehydro* 
marrianolio add [v]. 

A farther acid, doisynolio add [vi], was obtained by fusion of 
eestradiol with potaedum hydroxide at 276°, and the struoture 
proved by a similar degradation to that effected with marrianolic 
add, the final product being l-ethyl-2-inethylphenanthiene. Ddsy- 
nolle add produced oestrus in rats by the subcutaneous application 
of 0*7-1 *0 y (oestrone 0*7-1 -O y) or by an oral administration of 1*6 y. 
The corresponding bisdehydtodoisynolic add (vn] was obtuned 
from equilmiin a siinilar alkaline fusion. 
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[VII] 


[vn] was separated into the two geometrical isomers — the normal 
(Cj alkyl trant to C, carboxylic acid) and the iso (C^ alkyl cis to 
C, carboxylic acid) of which the normal form produced oestrus in 
subcutaneous doses of 0* 1-0- 1 6 y or oral doses of 0- 1-0-2 y While 
the iso form was inactive in doses of 100 y. Bisdehydrodoisynolio 
was first synthesised from methyl l-keto-2-methyl-7-methoxy- 
1:2:3: 4-tetrahydrophenanthrene-2-oarboxylate [vra], an inter- 
mediate already described by Bachmann et al. {J. Amer. Chem. 
8oc., 1040, 62, 824) in their elegant synthesis of equilenin, by a 
Grignard reaction with ethylmagnesium bromide followed by 
dehydration, saponification, hydrogenation and demethylation. 



[VII] 


The roc. add so produced was resolved with i-menthol. The above 
synthesis was later replaced by a simpler method whereby l-{^- 
bromoethyl)-d-inethoxynaphthalene was condensed with a-propionyl 
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propionic ester to give a product which was cyclised by treatment 
with sulphuric acid to yield [ix] and thence, ews before, to [vn]. 


CH,Br 

CH, 


CH» 

I yOOOCH, 
CH^ 

I 

CO.C^5 

CH, 




\l 


GOOCH, 


CH, 

C.COOCH, 




A 



AA, 

1 

1 1 


i 1 

1 T CH.CH, 

V 

\/ 

/ITT 


\/ 


A large number of variations of the bisdehydrodoisynolic acid 
molecule have been synthesised, including examples of the following 
types. The list of activities is not exhaustive and reference should 
be made to the originals for full details : 


Amoukt BBQonuui (y) fox 
CE smus Pbodvcxion ik Rats bt 
8xrBOtrrAirBoi7s Ixjxonoitr 






GENERAL AND PHYSICAL CHEMISTRY 516 


In addition, exsanples of the following types have been examined 
but biological tests aie still awaited in certain oases : 



Although a synthesis of doisynolic acid has been claimed (Hunter 
and Hogg, J. Amer. Chem. Soc., 1946 , 68 , 1676 ) the product was 
amorphous and melted over a wide range, 90 - 110 °. This claim has 
been refuted by Miescher {Experientia, 1946 , 2, 409 ), who thought 
that the product of Hunter and Hogg was more likely to be a mixture 
of acids in varying stages of hydrogenation. In support of this 
statement, Miescher has outlined some of his own experiments 
directed towards the synthesis of doisynolic acid where an unexpected 
facile rearrangement to the bisdehydrodoisynolic series was observed 
(see also Helv. chitn. Acta, 1946 , 29, 1889 ; 1947 , 30, 550 ) e.g. 



Further work on the synthesis of doisynolic acid types may be 
expected in future publications. 


aSNERAL AND PHYSICAL CHEMISTRY. By J. W. Sboth, 
D.So., Ph.D., P.R.I.C., Battersea Polsrteohnio. 

STETTOTimB OB' THB BoBON HyDBIDES AND RELATED COMPOUNDS.— 
Theories regarding the structures of the hydrides of boron have for 
some time aroused a very keen general interest amongst chemists, 
owing to the bearing which they have on the conception of valency 
and the nature of chemical linkages. The formulae of the known 
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compounds of this type, namely BjH„ B4H10, B(H|, BjHii, BaHt,, 
and BiaHu, appear to be quite anomalous and are not of the form 
to be antioipa^ on the grounds either of the classical picture of the 
tervalenoy of boron or on the simple electronic theory of valency. 

Thus ^borane, BtH,, has two valency electrons less than ethane, 
C1H4, which is formally similar to it. Therefore it^as insufficient 
electrons to permit of electron-pair linkings between each hydrogen 
atom and a boron atom and between the two boron atoms. Similar 
electron deficiencies occur in the other hydrides, tetraborane, B^Hm. 
for instance, having four electrons less than butane, C4H10. 

It may be remembered that there have been two main schools 
of thought regarding the structure of these compoimds, the one 
school accepting the apparent electron deficiency as real, and seeking 
to explain the stability of compounds in which the octets are not 
completed, whereas the other school has devised structures with 
normal electron-pair linkages and with complete octets of electrons 
around each boron atom. 

In leading the first form of approach to the problem, Sidgwick 
{The Electronic Theory of Valency, 1927, p. 103) considered it to be 
necessary to assume that in B,!!, two of the hydrogen atoms are 
linked to boron atoms by single electron linkages (i), whilst Sugden 
(J. Chem. Soc., 1927, 1173) and independently Main Smith {Chem. 
News, 1927, 135, 81) suggested that four of the hydrogen atoms 
might be linked by single-electron linkages, leaving a four-electron 
linkage, or double bond, between the two boron atoms (ii). The 
latter structure has the advantage of giving a complete octet of 
electrons around each boron atom. 

H H H H 

H:B:B;H H;B:B:H 

• « • * s 

H H H H 

(1) (II) 

Soon after this period there was developed the theory of reson- 
ance, whereby, with certain limitations, when a molecule can exis^i 
in two or more forms of equal, or nearly equal, energy, these struc- 
tures become, so to speak, superimposed upon one another. The 
resulting strubture, therefore, is intermediate between them, being 
nearest to that of the form of lowest energy, and is more stable than 
any of the extreme structures which can be formulated in the normal 
way. This theory caused Sidgwiok’s view to be extended, since in 
structure (i) any of the three hydrogen atoms on the left-hand boron 
atom may be the one which is linked by a single electron, as in' 
(la), (16), and (ic), and each of these may be assooikted with each 
of the three possible portions of the single-eleottbh lihki^ on the 
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H H H H H H 

H*B:B:H H;B B;H 

• • ••• ••• 

H H H H H H 

(la) (Ib) (Ic) 

right-hand boron atom, giving altogether nine structures with iden- 
tical energy. The resulting structure, therefore, will be practically 
the product of superposing these structures, that is a structure 
where all the hydrogen atoms are linked to the boron atoms with 
identical linkages, intermediate between one-electron and two- 
electron linkages, but approaching more closely to the latter, since 
each position has two electrons in six of the nine structures and one 
electron only in the other three. 

In the later developments of this theory as applied to the boron 
hydrides, due principaUy to Pauling and Bauer, there were included 
(dso the various forms of the structures wherein a single-electron 
linkage occurs between the two boron atoms, two single-electron 
linkages occur on one boron atom, and where “ no-electron ” linkages 
occur between the two boron atoms or between a boron atom and a 
hydrogen atom, as in (in), (iv), (v), and (vi). The no-electron 
HH HH HH HH 


H:B*B:H 


H:B:B:H 


H;B B:H 


H B:B:H 


HH HH HH HH 

(HI) (IV) (V) (VI) 

linkage was included to account for the diamagnetic character of 
B|H(, which appeared to be strange if there were two single-electron 
linkages. However, according to the resonance theory it would 
only be possible for the no electron forms to participate in the final 
structure if the spins of the electrons of the single linkages are anti- 
parallel, so that their magnetic affects cancel one another out. 

On these bases Pauling built up structures for all the boron 
hydrides B4HU, BtH„ BfHig, and B^gHu which were regarded as 
involving the superposition of all the possible variations in the 
formubs as given in (vn), (vra), (ix), and (x), respectively, in which 
lines represent two-electron linkages and dots single-eleotron linkages. 


H H H H 

" B' .i' ^ — 

H H H H 


H H H 

\ 

H H H 

(VIH) 
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A number of difficulties arise, however, in respect of all these 
formulations which base diborane upon an ethane structure. It has, 
for instance, been found very difficult to account for the observed 
Baman and infra-red spectra on a structure of this form. Again, 
the single electron linkage is definitely known to exist only in the 
transient H,"*" particle, which has one electron only, and therefore 
cannot be compared with the relatively stable boron hydrides. 
Finally, in spite of the explanation which has been given for the 
diamagnetism of th^ compounds, the fact remains that all known 
boron hydrides contain an even number of electrons, suggesting that 
all the electrons are actually paired. 

The second general school of thought followed the original ideas 
of Stock, later developed and extended by his collaborator Wiberg, 
that the boron hydrides can be regarded as electrovalent compounds 
with structures more closely analogous to the unsaturated hydro- 
carbons than to the paraffins. Thus B|H, and BfHjQ were formu- 
lated with structures similar to those of ethylene and butadiene, 
respectively, but with two and four hydrogen atoms in addition 
linked by electrovalent linkages (xi) and (xn). Such structures 

H4[h,B-BH-BH-BH,] BH*H:BH,H 
(XI) (XH) (XIH) 

appeared to be supported by the fact that the hydrides interact 
with ammonia to give addition products B2H„2NHa, B4Hio,4NHt> 
BgH2,4NH„ and B,oHi4,6NHt, which could be formulated as salts 
(NH4),B,H4, {NH4)4B4H„ (NH4)4B4H4, sud (NH4), B,^,. In 
adffition, it was foimd that the absorption spectra of BgHe and 
B4HJ0 resembled those of ethylene and butadiene rather than those 
of ethane and butane, whilst additional support was claimed from 
parachor measurements.. An unsaturated character is also indi- 
cated by the &ct that the hydrides, add on alkali metals to give 
compounds such as K|B,H4, in which, it was presumed, the two 
valency electrons of the metals are absorbed so as to cause the 
molecule to revert to t^e ethane-like structure. 

At the same time the hydrides axe volatile, a property not 
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generally associated with electrovalent compounds, and in view of a 
more recent theory it is particularly interesting to notice that to 
account for this volatility Wiberg {Berg., 1936, 69B, 2816) supposed 
that the hydrogen atoms, although linked by electrovalent linkages, 
were not entirely free, but were bound within the electron shell of 
the B,H4 anion. He suggested that the simplest assumption was an 
arrangement within the linkage field of the double-bond electrons. 
To signify this state of affairs he preferred to write the structure as 
in (xm), where each positively charged hydrogen ion is associated 
with one of the negatively charged boron atoms. The structures 
of the other hydrides were built up in a similar way. That of B4H10 
was written as in (xrv), since it can be formed by the interaction 
of BiHsI with sodium, a reaction analogous to the Wurtz reaction 
for carbon compounds. In so far as the higher members of the 
series were concerned, consideration was given to Stock’s classifica- 
tion into “ boranes ” of general formula B,^H„+4, which were written 

BH»H:BHH.BHH:BH,H BH,H:BHt . . . ;BH;BH,H 

(XIV) (XV) 

H H 

Hi H:B:B:H 
H 

(XVI) 

as in (xv), and the “ dihydroboranes,” of general formula B,H„+,, 
- + 

which contained .BHH; groups. 

A diflBculty arose in respect to these structures, however, when 
studies of the structure of B,H, by electron diffraction showed that 
the distance between the two boron atoms is about 1-86 A., which 
is greater than the expected single-bond distance and much greater 
than is consistent with an ordinary double bond (Bauer, J. Amer. 
Chem. 80 c., 1937, 59, 1096). Shortly afterwards Schlesinger and 
Buig 1938, 60 , 290) obtained evidence that the addition 

compound of B,H( with ammonia contained one ammonium ion 
and two BH, groups co-ordinated to an amide ion, .thus 
NH4 [HsB NH, — ► BH,. This appeared to support the formu- 
lation of diborane as a monobasic acid with one boron atom 00- 
ordinatively saturated and the other unsaturated, as shown in 
(xn), a structure which had been suggested in 1923 by BOeseken 
and in 1928 ibjr Wahl. • 

Other eariiy suggestions attempted to express the structures by 
means of oovdlent Hnkages and Oomidete octets, but each introduced 
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gome anomaly whioh would now be regarded as untenable, although 
certain of these are of interest in relation to the most recent theories. 
Thus Ephraim (Hdv. chim. Acta, 1928, 11, 1094) suggested that 
some electrons are shared between three atoms, whilst several 
suggestions were made involving displacement of the two inner 
electrons of one or both of the boron atoms in so as to produce 
an octet of electrons around each boron atom. 

Another distinct viewpoint on these structures is that in whioh 
the boron atoms are regarded as having no direct linkage between 
them, but being linked indirectly through hydrogen bridges (xvn). 
This structure was first suggested by Dilthey {Z. angew. Chem., 
1921, 34, 696), but he made no suggestion as to the nature of the 

bridge linkages. A modification of this formulation in which the 

H H H 

« B. 

H H H 

(xvin) 


H H H 

B B 

/ \ / \ 
H H H 


(XVII) 


two bridge hydrogen atoms formed singlet electron linkages to each 
boron atom (xvm) was suggested by Core {Chem. and Ind., 1927, 
5, 642), but later it tended to become discarded and almost for- 
gotten. More recent views on resonance, however, have led to its 
revival. 

It has been pointed out that the bridge linkage may be regarded 
as a resonance hydrid, either between the covalent structures (xix), 
suggested by Nekrassov {J. Oen. Chem. Jiuana, 1940, 10, 1021, 
1166) or between the ionic structures (xx) whioh are favoured by 
Sirkin and Diatkina {Acta Phyaioochim. U.B.8.8., 1941, 14, 647). 


H H 

V s'" 

(XlXa) 


H 


H 


H 

\ 

(XIX6) 


H H 

V 

■\_ 


H 


H - H 

V 

(XXa) 


+ H 

b"' 


H + 
\ 


H - H 




(3tX6) , 

This -bridge structure has received strong su^ort Ikub LongOiSt* 
Higgins and Bell {J. Chem. Soc. 1643, 26P), wh^ haye exiNBOtined* 
more closely the theoretioal iniplioations and pnotuxfl cooieqaenoee 
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of the formulae. They express the essentii^ linkage in the form 
(xxi) and hence B,H( is written as in (xxn), with the hydrogen 
atoms arranged tetrahedrally around the boron atoms. 

H H H H 


(XXI) 


B B 

H H 
(XXH) 


H 


These stnioturea, containing only paired electrons, are in accord 
with the diamagnetism of whilst the absence of a direct 

linkage between the two boron atoms explains the ease of inter- 
conversion of the hydrides and the readiness with which they react 
with carbon monoxide, ammonia, and amines. It has also been 
shown by vibrational analysis of this system (Bell and Longuet- 
Higgins, Proc. Roy. Soc., 1945, A.183, .357) that this structure ex- 
plains the observed infra-red and Baman spectra of B,H,. It also 
explains automatically the resistance to free rotation about the 
boron-boron linkage which is indicated by specific heat measure- 
ments (Stitt, J. Che,m. Phys., 1940, 8, 981 ; 1941, 9, 780), whilst it 
has also been pointed out that the products of the electron bombard- 
ment of B,H« (B,’*', B,H'*', B,Hj|+, and B, particles) are not 
necessarily inconsistent with the bridge structure. 

It is evident also that the hydrogen bridge structure requires 
tlm presence of at least two hydrogen atoms, one on each carbon 
atom. The structure is therefore supported by the fact that whilst 
mono-, di-, tri-, and tetra-methyl boranes are all known, all attempts 
to prepare the penta- and hexa-methyl derivatives, BaH(0H,), and 
B|(0H«)^ bivfe failed. Further, the products of hydrolysis show 
that neiiiW B«Ha(CHt)t nor BaH|(CHs )4 has more than two methyl 
groups linked to the same boron atom. This state of affairs was 
explained, rather unconvincingly, on the singlet eleolxon linkage 
theory by supposing that such singlet links could exist between 
boron and hydrogen atoms and between two boron atoms, but not 
between a boron atom and a carbon atom. Similarly the mono- 
meric B(CHs)( is known, but BH(CH,), and BHtCHs appear to 
dimerise iminediately. 

HydFo|(en bonds of this type differ e^ntially from those which 
occur, for insfanco, in the association of compounds such as water 
6r ammonia containing OH or KH groups. The latter bonds, 
formerly attributed to resonance of the type X — Y, X H— Y are 
now regarded as depending on the electrostatic attraction between 

idle dipole X— ‘H and an unshared deotron pair on the atom Y. 

U M 
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As the B — linking will have a much smaller dipole moment than 
the O — qr N — H linkings, and there is no unshared electron paur 
on the BHj group, this form is unlikely to occur in the boron 
hydrides. Longuet-Higgins and Bell therefore call the bridge 
linkage in boron hydrides a “ resonance link ” to distinguish it from 
the usual hydrogen bond. 

It has already been pointed out that one of the strong points of 
argument in favour of the ethane-like structure, with singlet electron 
linkages, was the fact that electron-diffraction measurements (Bauer, 
J. Amer. Chem. 8oc., 1937, 59, 1096) had shown that the boron- 
boron and boron-hydrogen distances in B^Hg are about 1-86 and 
1‘27 A., respectively, which are slightly larger than the single-bond 
distances, this supporting the conception of contributions from single- 
electron or no-electron linkages. At the same time this was taken 
as definite evidence of a direct boron-boron linkage, since the closest 
distance of approach of two unlinked atoms is usually taken as 
3-0-3-6 A. Longuet-Higgins and Boll consider, however, that since 
in each structure the boron atoms have no unshared electrons in 
their outer shells, and the electron-density in the lines joining the 
boron atoms is low, the repulsive force between these two atoms will 
be much less than in the usual case of unlinked atoms, and therefore 
they can approach much nearer than the normal distance without 
any bond being formed between them. Consequently the observed 
distance of 1-86 A. between the two boron atoms can be attained 
without any great expenditure of energy. On the other hand, the 
high repulsive forces would prevent a similar bridge being formed in 
oases such as ammonia, water, and hydrogen fluoride, which in 
consequence must associate only by the ordinary hydrogen bond 
formation. In fact, similar behaviour could occur only with other 
hydrides of the general types MH, MH„ and M.Hj with no uiishared 
electrons in the outer shell. Of these, the alkali and alkaline earth 
metal hydrides are salt-like in character, so gallium hydride, which 
has been shown to be dimeric with formula Ga,H(, is the only definite 
example to which this type of structure may be applied, although it 
is possible thftt it may exist in the hydrides which are formed by 
the action of atomic hydrogen on silver, copper, gold, beryllium, 
indium, and thallium. For the case of aluminium hydride it has 
been pointed out by lionguet-Higgins {J. Chem. Soc., 1946, 139) 
that polymerisation may continue tmtil six of the valency orbitals of 
each aluminium atom are occupied, in which case high molecular 
weight polymers may be formed in which there are hydrogen bridge 
Imkages from each aluminium atom to three other aluminium atoms. 
This may account for the fa^ that it is non-volatile (Steoher and 
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Wibeig, Ber., 1942, 76, 2003) in spite of the evidence obtained 
previously by the same authors {Angew. Chem., 1930, 52, 372) 
which favoured a dimeric structure. 

To explain the structures of the higher hydrides of boron, 
Longuet-Higgins and Bell suggest that they are built up from units 
comprising the BH, group and BgH,, BjH*, B,H„ and B,Hj 
groups, the latter all having two hydrogen atoms, indicated by 
asterisks, to participate in resonance bridges 


H 

H* *11— B-B— H* 

/ 

H 

BH, B,H, 

\ 

B— B-B— H* 

/ 

H 


•H H* *H H* 

\ / \ / 

B— B B— BH— B 

/ \ / \ 

H H H H 

B.H, B,H, 


l•H— B-BH— B— H*| 

1 I 

l.*H— B— BH =B— H*J 

B,H, 


From these units, it is suggested, the higher hydrides are built up 
as follows ; ' 


B,H. . . BH, ; BH, B,H„ BH, ; B,H, ; BH, 

. . BH,; B,H,; BH, B,H„ BH, ; B,H, ; BH, 

B.Hj, . . BH,: B,H,; B,H,: BH, B,H„ BH,; B,H, ; B,!!, ; BH, 

This view, in particular, excludes the possibility of a hydride con- 
taining three boron atoms, as is observed. 

Beryllium and aluminium both form well-defined volatile mixed 
hydrides with boron, BeB,Hg and A1B,H,„ produced by the inter- 
action of B,H, with Be(CH,), and A1(CH,)„ respectively (Schlesinger 
and others, J. Ame.r,,Che.m. Soc., 1940, 62*3421, 3426, 3429). On 
the earlier conception of the structure of the boron hydrides 
these were formulated as the ionic compounds (xxm) and (xxiv). 

Be++(BH4'), A1+++(BH,'), 

(xxni) (xxivi 

Such a structure seenls quite inappropriate in view of the fact that 
they ate the most volatile oompounds of beryHium and aluminium 
that are known, boiling at 91-3° and 44.6° C., respectively. The 
alternative theory, assuming resonant covalent structures with 
singlet ehwtron Usages, impUes that boron has a covalenoy of five, 
a value not met with dkewhere in the first short period of the Periodio 
Talde; It may be mentioned that the analogous lithium oompotmd, 
LhBH,), is 8alt4ike, of low volatility, and insoluble in benzene, 
and hence it undoubtedly has An ionio stmetnie. 
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In terms of the Longuet^Higgins and Bell bridge linkage theory, 
however, these become of struotures (xxv) and (xxvi), respeotavely, 

H H H H 

V ''b./ V 

V V \ w \y. 

(XXV) (XXVI) 

involving resonance forms similar to those of B,H, which in the 
case of the beryllium compound include 
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H H 
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as well as various ionic struotures involving BH/, BeH'*', and BH,+. 

With such structiires the valencies will be arranged tetrahedrally 
around the beryllium and boron atoms, and octahedrally around the 
al uminium atom. The prediction that the three boron atoms in 
AiB,Hi, are at the vertices of an equilateral triangle, with the 
aluminium atom at the centre, is in accord with the results of electron 
diffraction measurements. 

The assumption made by Longuet-Higgins and Bell that the 
hydrogen atom in a BE, group is unlikely to form a hydrogen bond 
of the esMntially electrostatio type with the boron atom of anothpr 
similar group has been challenged, however, by Buraway {Nature, 
1946, 155, 328). He points out that the ability to form such link- 
ages decreases rapidly in the series HF, H|0, H,N, H 4 C, because the 
chaj^ on the hydrogen atom being positive will decrease progres- 
sivdy through the first three of these molecules to become negligible 
or even already negative in methane. In BHg it should be moie 
strongly negative, and unlike the oornffietely shielded carbon atom 
in C!H 4 the boron atom, with an incomplete shell, sfaoidd allow the 
approach of another hydrogen atom. He also suggests that 'tiie 
inoreasing charge on the atoms in tlie series boron, alaminlnm, 
giiiiinh, will compensate the lengthening of the iiiteratcnaio distance 
and tboeby permit the formation c( deotroetatio linksges in each . 
case. Buraway suggests that tl^ unsyttunetrioal ’shmotuie^^ i^^ 
account for the oomplex inifira^iwi speotrnii of 



GBKBBAL AND PHYSICAL CHIIMISTBY 026 

Bell and Longuet-Higgins teply by pointing out p. 328) 

that it is unlikely that the B — H dipole would lead to the formation 
of a stable dimer without there being any further polymerisation. 
An indefinite series of polymers would be more probable, as with 
HF, H,0 and NH,. If B,H, did contain electrostatic hydrogen 
bonds the two central hydrogen atoms would not be equidistant 
from the two boron atoms, whereas the symmetrical structure 
actually gives good agreement with the infra-red and Raman spectra. 

More significant is the theory put forward by Pitzer (J. Amer. 
Chem. 8oe., 1945, 67, 1126), the main element of which is the con- 
ception of a new type of linkage which he calls the “ protonated 
double bond Referring to the resonance bridge structures, he 
points out that, at the inter-atomic distances involved, direct 
bonding between the two boron atoms should also be possible, but 
that, 6US indicated by Bauer {Chem. Rev., 1942, 31, 43) forms such as 
(xxvn) involve too small a bond angle between the boron-hydrogen 
and boron-boron linkages. On the other hand, this objection, he 

HHHHHHH H 

B— — B B B or B“»B 

/ \ X \ X H \ 

H H+ H H H H H H 

(XXVII) (xxvni) 

suggests, does not apply to a double bond structure (xxvin) where 
the electron cloud spreads out in a plane perpendicular to that 
containing the terminal hydrogen atoms, and the electron density 
(probability) distribution is therefore not very different from that 
of a- resonance of the forms considered by Longuet-Higgins and 
Bell, the main difference being a moderate increase in electron 
density around the protons in the latter. This structure, assuming 
that the two protons are held within the double bond, recalls the 
idea put forward by Wiberg. 

Pitzer coHidcas that this structure is consistent wiHi the observed 
oharaoteristios of B|H« in that the protons increase the distance 
between Hie boron atoms to roughly a single-bond distance, owing 
to the deotrioal repulsions, and yet the bond resists twisting like a 
double bond. Also two additional Heotrons can be added, the 
double bond being broken and the two groups to use the new single 
bonds are already present ^in the double-bond hydrogen atoms, 
giving, for example, the HgB-BH,' ion ; this presence of the pro- 
tons ready to form separate single bonds make this bott4 easier to 
break than a normal double bond. On the other hand, the double- 
bond protons can be removed by strong bases. Pitaer adso suggests 
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that the deotronic exiergy levels and henoe the eleoironio gp<»otra 
are very similar to those of ordinary double bonds because protons 
cannot move appreciably in the time of an electronic transition, but 
that an excited state stable in a double-bond molecule may cause 
eventual dissociation of the protonated double bond. 

In the higher hydrides Pitzer supposes that the usual conjugation 
phenomena of double bonds can occur. The interaction of the 
protonated double bond with an adjacent unsaturated group will 
give an unstable state in a BsH7 (xxix) but a stable structure will 

H ' H H H H 

\ \- \ / 

B H H B H+ H H H 

h/\b=b/ H \=B^ 

H H H \l 

(XXIX) (XXX) 

be attained with B4HJ0 (xxx) and also with BjHn (xxxi) and 
B,H, (xxxii). In the latter cas^ it is suggested that the boron atom 
with the nominally vacant orbital (incomplete octet), being adjacent 
to two protonated double bonds, is not only conjugated to both but 
is also the avenue of interaction between the two double bonds, and 
therefore it is fully occupied. B^Hio and B,Hi, are formulated 
as six membered ring compounds (xxxin) and xxxiv) with two and 
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(XXIX) 
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/ \ / \ 

H— B B B— H 

H||H H||H HUH 
H— B B B— H 


\ / \ / 


B B 


I I 

H H 

(XXXVI) 

three protonated double bonds, respectively, whilst BioHi* can be 
formulated either with two five-membered rings (xxxv) or with a 
naphthalene-like structure (xxxvi) as was suggested by Nekrasov 
(J. Oen. Ghem, U.R.8.8., 1940, 10 , 1021, 1168), but the former 
structure is preferred. In developing these formulsa it was assumed 
that rings containing less than five boron atoms will be too strained 
to be stable. 

Yet another modification of the bridged linkage formulation has 
been put forward recently by Walsh (J. Chem. Soc., 1947, 90). This 
involves an extension of the normal conception of the co-ordinate 
linkage, in which, when an atom A has an incomplete electronic 
shell and another atom B has a lone pair of electrons, atom B may 
donate its electron pair to form a bond between A and B. Walsh 
points out that there is nothing in the molecular orbital theory to 
indicate that the ‘donated electrons mtut come from a lone pair, and 
he suggests the extension of the theory to include the possible 
donation of bonding electrons as well as of lone-pair electrons. He 
considers that since, in general, bonding electrons are much more 
stron^y bound than lone-pair electrons, and since a low ionisation 
potMXtial for the donating electrons is a necessary condition for the 
formation of a co-ordinate link, the formation of such linkages from 
bonding electrons will be rare. From the force constant Walsh 
predicts that the noirmal boron-hydrogen bonding electrons will 
have ibnisation potentials as low as 10 to 12 volts, however, which 
are comparable with the ionisation potentials of lone pair eleotroiui 
(10*8 vdUiS, for inatanoe, in the case of ammonia), and consequently 
the donation of these electrons becomes possible. On this view, 
therefore, the structure of diborane may be written as in (xxxvn), 
where the arrows denote co-ordinate links from the B-'-H bonds 

H H H 




(iqtxvn) 
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to the adjacent boron atoms. This view recalls the suggestion of 
Ephraim that electron pairs might be shared by three atoms, and 
also has some points of similarity to the structures proposed by 
Buraway and by Pitzer. 

Although no definite conclusions can as yet be reached, it is 
evident that recent theories which are, in point of fact, extensions 
and amplifications of earlier ideas, are much more closely in accord 
with the observed properties of the boron hydrides than were the 
views held eight or ten years ago. Also, as these newer theories 
are not completely incompatible with one another there seems to 
be some hope that a more general theory xnay soon be developed 
which will cover more than one of these suggestions. It is a^, 
perhaps, not too much to anticipate that such a theory may also 
be applicable to some other oases where anomalous forms of linkage 
evidently occur, such as the situation in iron eimeaoarbonyl, 
Fe,(CO)(, and possibly also in the dimeric and poljntnerio forms of 
the carbonyls of other metals, where it has had to be assumed that 
the two metal atoms approach to the usual covalent distance firom 
one another without a direct linkage being formed. 

GEOLOGY. By O. W. Tykbmll. A.R.C.Sc., D.So., F.R.SJ:., The 

Univeieity, Glasgow. 

Mbtamobbhism and MsTAMOBimio Books. — In N. L. Bowen’s paper 
on “ Progressive Metamorphism of Siliceous Limestone and 
mite ” {Joum. Otol., XLVIII, 1940, 226-74) the subject is treated 
with the aid of a composition tetrahedron, which suggests that the 
changes may be referred to thirteen steps or grades of increasing 
decarbonation taking place at successively higher temperatures. 
In ten of the grades the disappearance of a phase assembla^ is 
accompanied by the appearance of a new phase indicated by a 
new metamorphic mineral. In most oases this mineral will ai^pear 
only when the temperature of the appropriate grade is readied. 
The metamorphic minwals thus become indicators of the grade, of 
metammphism. 

In the mder of rising temperature steps the ten minerals pfroduoed 
are tremoUte^ forstsdte, diopside, periolase, woUastonite, m(mtioeUite> 
akermanite, spurrite, merwinite, and lamite. Ihmr natural occur* 
rence suggests that, for the most part, they are produced under 
conditions which permit their use as temperature indfoaton. 

In three short papers on the oataolastio rocks of the TOrne Trask 
region of Lappland H, A. Brouwer has discussed the origin of . 
hartachiefer, those extraordinaiy paraUd'banded rodcs which are 
formed by extreme mylonisation oombiiied with reorystaUisation 
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and metamorphio differentiation (“t)ber die Bildong von Hut* 
Bohiefer am TOme Trask (Lappiand)/’ Oedl. Rundack., XXXI, 1940, 
154>-62 ; “ t)ber metamorpfae Qesteine am TOme Trask (Lapp- 
iand),” Proc. Km. Alcad. v. Wetena., Amsterdam, XL, 1937, 1-10 ; 
” Metamorphio Differentiation in Kartsohiefer of Northern Sweden,” 
ibid., XLIII, 1940, 3-9). Rooks of different origins are broken 
down under these conditions ; and by metamorphio diffusion and 
differentiation during reorystalUsation converge to a more or lees 
uniform type of banded rook (bartsohiefer). A pronounced alterna- 
tion of bands and lentioles, which differ in their relative proportions 
of musoovite and biotite, is developed in the Abisko hartschiefer. 
This is ascribed to separation of these minerals during an early stage 
of metamorphism, when biotite was formed along planes of stress 
relief. Musoovite was formed from feldspar during later stages of 
rolling-out and reorystsdlisation. 

In a paper on ” Mylonization of Hybrid Rooks near Philadelphia, 
Penn.” Miss E. Armstong (Bull. Qeol. Soc. Amer., 52, 1941, 667-94) 
states that the Pre-Cambrian banded gneiss of this locality is to be 
interpreted as a hybrid rook, due to the thorough permeation of 
plagioclase-amphibolite by felsio solutions probably ranging in 
oomporition from idmost pure water to an aqueous potash-sUioa- 
idumina magma. Winding vertical mylonized zones out these rooks 
in the western part of the area. Iliese zones enclose lenticular 
masses of less sheared rocks, and in some places attain a thickness 
of a quarter of a mile. The mylonite zones are most closely 
associated with biotite-rioh hybrid rooks, and the biotite was formed 
before the shearing and to some extent guided it. This view is 
opposed to that of Brouwer (see preceding paragraph). 

In describing the “ Protoolasrio Border of the Colville Batholith 
(Washington) ” A. C. Waters and K. Krauskopf (Bull. Oedl. Boe. 
Aimt., 52, 1941, 1366-1418) state that the batholith is extremely 
heterogeneous, both struotaraUy and lithologically. A central mass 
of struotorelees granOdiorite passes outward into a zone of igneous 
rotk with an intricate foliation which is described as " swirled.” 
Ihese swirled gneisses grade into a peripheral belt of variable, wdl- 
fUifoted miginatitiio gneisses which, over broad areas, are actually 
nyfoidtes. 'Diat tlM crushing was- protodastic, and not due to 
dynamic nwtamOTphism, is proved by the relations of the mar* 
[rinsl fooks with the enclosing walls, and by the oementaticm of 
tiie brdten fragments with stringers of undeformed quarto and 
mfiertoifoe. 

V. J. Tm^per contributes a valuable general discussion of ” Curmit 
Yivwe on the Origin and Tectonic SignifioMioe of Schistosity ” {Trm*. 
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Boy. Soc. N.Z., 7Z, 1942, 119-40), dealing espaoially with the defim* 
tions and nature of schistosity, processes contributing to its develop- 
ment, and the relations of schistosity to the forces and movements 
of deformation. It is emphasised throughout that schistosity may 
originate in a number of different ways ; and in the interpretation 
of the different structures the results of the technique of fabric 
analysis, in conjunction with other structursd data, have been found 
useful by many workers in this field. 

Sule Stack, Orkney, the geology of which has been studied by M. 
Stewart (Oed. Mag., LXXV, 1938, 135-40), consists of a dioritio 
orthogneiss traversed by shatter-belts and pegmatite veins composed 
of miorocline and quartz. A chemical analysis of the gneiss is 
given. 

A very detailed account of “ The Archsean Rocks of the Bodil 
District, South Harris, Outer Hebrides,” has been given by C. F. 
Davidson {Trans. Boy. Soc. Edin., LXI, Pt. 1, 1943, 71-112). The 
oldest rooks are paragneisses consisting of forsterite-marbles and 
oalo-silicates derived from original dolomitic sediments, Mid kyan- 
ite-gamet-gneisses from the argillaceous. These sediments were 
intruded by a complex of anorthosite and banded gabbro or norite'. 
Under the high-grade regional metamorphism which followed eolog- 
ites were formed from the basic rooks ; gamet-pyroxene-grEuiulites, 
gametiferous oharnookites, and garnet-bearing anorthositio gneisses 
from the feldspathio rooks. A phase of migmarisation by quariaso- 
feldspathic material then followed, by which plagioolase was locally 
transformed to soapolite and pyroxene to hornblende, and thick 
masses of acid pegmatites were formed. 

At a later stage (Caledonian ?) all the rooks were involved in a 
zone of intense shearing and dislocation, causing ultra-oatadastio 
structures and the formation of the low-temperature epidote-sauc- 
surite &oies. 

“ The Geology of Ardgour, Argyllshire,” described by H. I. 
Drever {Trans. Boy. Soc. Edin., LX, Pt. 1, 1940, 141-70) is con- 
cerned almost entirely with metamor^io rodm. The basement 
rooks are Moine Gneisses consisting mainly of the normal psammitfo 
and politic types, but with an unusual component of limestones. 
One large baric igneous mass (Glen Soaddle) and several small«> ones 
have been injected as sheets into the Moines. These intrusions axe 
mainly composed of massive gabbro-dioritio rooks with “ appinitio ” 
affinities, and some ultrabasio types, In many |daoeB tbeee rooks 
have been strongly sheared and granulitised. Associated with the ' 
loi^ intensions are sillimanite-gneisses and variops tjrpes of 
homfelB. All these rook-types aie folly described and! dtsenssedi 
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with new chemical anal 3 rse 8 . There is evidence of contact and 
regional metamorphism, and of contamination and metasomatism 
by acid magma. 

In a paper entitled “ A Petrological Study of the limestones in 
the Moine Series of Ardgour, Argyllshire,” H. I. Drever {Oed. Mag., 
76, 1930, 501-18) deals with the metamorphic limestones mentioned 
in the previous paragraph. There are three groups of limestones 
associated respectively with the granulites and quartzites, with the 
diorite-gneiss, and with serpentine. The commonest type associated 
with the Moine sediments is now a basic plagioclase-pyroxene- 
homblende-gamet granulite. Limestones associated with diorite- 
gneiss vary from almost pure marble to calc-silicate and calo-mag- 
nesian-sUioate homfels ; the mixed types are rich in mica and may 
contain spinel. Finally there are dolomitic limestones which grade 
into serpentine. All these rocks have been subjected to high-grade 
metamorphism, both dynamic and thermal. 

In a paper on ” Contact Metamorphism by a Tertiary Dyke at 
Waterfoot, co. Antrim,” D. L. Reynolds (Qeol. Mag., LXXVII, 
1940, 461-9) shows that felsitic material, often spherulitic and 
resembling truly igneous felsite, has been developed in Triassic 
pebble-beds at their contact with a dike of olivine-dolerite. Analyses 
show that this action has resulted from potash metasomatism at a 
temperature high enough for tridymite to form. The occurrence is 
paralleled by others in Antrim and Bhum. 

D. L. Reynolds has investigated “ The Albite-Schists of Antrim 
and their Petrogenetio Relationship to Caledonian Orogenesis ” 
(Proc. Boy. Irish Acad., XLVIII, Sect. B, No. 3, 1942, 43-06). 
These rocks are the direct continuation in Northern Ireland of the 
Dalradian Sclusta of Cowal (Argyllshire). The albite is sporadic and 
dearly post-tectonic. The albite-schists have been ascribed to the 
metaW>rphiBm of greywackes and shales (Bailey) ; to impregnation 
by soda ^m outside, at least partially (MoCallien) — a view supported 
by the association of albite with tourmaline ; and to metamorphism 
of a clay rich in detrital albite powder (Bailey and McCyiien). (In 
the !«mter’8 opinion there is little difference between the first and 
third of these theories of origin, for many greywackes and shales 
associated with diem are albite-rioh, as they contain much debris of 
spilitio diaraoters.) Miss Reynolds takes the view that the albite- 
sehMs are due to impregnation by soda-rich soludons. After an 
early introduction of potash into Ben Ledi Schists, sdutions of 
sodium sihoate followed, with the concomitant expulsion of potash, 
koa, magnesia, and possibly alumina. The regional distribution of 
albste makee it probable that the soda impregnation is related to die 
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early Caledonian synteotonio igneous aotivity rather than to the 
localiaed post-teotonio phase. 

A series of albite-rich rooks interpreted as adinoles ooours between 
a sill of edbite-dolerite and unaltered slates at Dinas Head, Corn- 
wall. They ere ascribed by S. 0. Agrell {Min. Mag., XXV, 1939, 
303-37) to thoroughgoing metasomatism of shales by soda-rioh 
solutions emanating from the albite-dolerite. A volume-for-volume 
replacement of the slate seems to have taken place, for fine lamina- 
tion is left undisturbed, large-scale bedding is of the normal type, 
and fossils occur as perfect oasts. 

In a later paper Mr. Agrell describes “ Dravite-bearing Books 
from Dinas Head, Cornwall ” (ibid., XXVI, 1941, 81-93). Dravite 
is magnesium-rich tourmaline, and is of common ooourrenoe among 
the a^dnoles in an extremely fine-grained form as a metasomatio 
replacement of the original shale. From oompauison with other 
occurrences of dravite it is thought that the source of the boron 
(or tourmaline) is a conjectural subjacent granite mass. The 
constant association of albite and dravite suggests a common and 
contemporaneous origm for boron and sodium. On the other huid, 
the albite-dolerite contains no boron-bearing minerals. (The writer 
points out that the late V. M.' Goldschmidt’s demonstration that 
boron is highly concentrated as a trace element in Polteozoio marine 
shales has an obvious bearing on the question origin.) 

In a paper on “ Progressive Metamorphism of Sparagndte Books 
of Southern Norway,” T. P. W. Barth (Norsk (hd. Tidsskr., 18, 
1938, 54-66) has shown that the xinaltered sparagmites of E!o- 
Combrian age, and consisting mainly of clastic quartz and mioro- 
dine cemented by a chloritic substance, grade into schistose rooks, 
and finally into granulites (Opdal region), widi geological om- 
tinuity demonstrable in the field. The change is acoon^pwnied by 
the introduction of albite. Hence it is believed that the sporagmitio 
sediments in the zone of Caledonian folding were permeated by soda- 
rich solutions from which albite was precipitated. (Of. Mis « 
B^moids’s work on the Antrim albite-sohists, on page 531.) 

“ Geological and Petrographical Investigations in the Kx»gsbeig-> 
Bamble Formation ” is the title of a new memoir, chiefly on meta- 
morphic rocks, by J. A. W. Bugge. (Norgres Otd. UndersSk., No. 160, 
1943, 150 pp.). This PrerOambrum formation belongs to tlxe deeper 
parts of an Archtean mountain range (Sveco-Fennides). It Is 
divisible into an Old Complex, consisting of metamor^o rodts 
(cordierite- and sillimanite-bearing gneisses and quyartsites) and' 
altered igneous rocks of both volcanic and plutpnio oooarienoe, now 
amphibolites and banded gneisses .; anda¥oiUiger ODiii]^eft;migBiia^ 
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titio in ehajraoter, oonsisting of banded gneisses (metataxiteB), aren- 
dalites (a series, of norite-ohamockite rooks of metasomatic or 
migmatitio origin), oordierite-anthophyllite rooks, nodttlar granites 
containing sillimanite, synkinematio granites, and granite-pegma- 
tites. All these rook types are treated in considerable detail with 
riie aid of numerous chemical analyses. 

Another important Norwegian memoir on a metamorphio area 
is that by I. T. Rosenqvist on “ Metamorphism and Metasomatism 
in the Opdal Area (SOr-TrOndelag, Norway) ” (Norsk Oeol. Tidsakr., 
22, 1943, 106-202). The area consists of Arohsean, Eo-Cambrian, 
Cambro-Silurian, and Caledonian rocks, in a highly metamorphic 
condition. The rooks often contain zoisite in equilibrium with acid 
plagioolase, and it is suggested that a new mineral facies-group is 
called for — the saussuritio facies. A significant potash metasoma- 
tism has taken place, and it is suggested that augen-gneisses and 
rapakiwi-like rooks should be interpreted as of metasomatic origin, 
the initial rock material being of basic composition. The mechanism 
of formation of the porphyroblasts in these rocks is discussed. It is 
believed that the main metasomatism took place in the late Cale- 
donian after the close of the orogeny. 

The first part, “ Petrography,” of a massive memoir on “ Petro- 
logic and Structural Studies in the Bergsdalen Quadrangle, Western 
Norway,” by A. Kvale, has appeared (Bergens Mus. Adrbok, 1946, 
Natw. Eekke No. 1, 1946, 201 pp.). This area lies just east of the 
famous Bergen Arcs. The rocks are divisible into four groups : a 
basement of typical migmatites consisting of granodiorite-gneiss 
penetrated by numberless dikes and veins of granite; then a 
complex of altered quartzites and conglomerates, with a series of 
altered igneous rocks, originally rhyolites, dacites and diabases with 
their plutonio equivalents, separated from the basement by persis- 
tent strips of mica-schist and regarded as an overthrust, mass. The 
third group consists of Cambro-Ordovician mica-schists associated 
with an ophiolitic series. The fourth, also regarded aa an \>ver- 
tbrust mass, is jvery similar to the second ; but the rocks of the lower 
ouerthrust mass are in the amphibolite facies, the upper in the 
ef»id<^-amphibolite facies of metamorphum. The petrography of 
these varied series is dealt with in great detail with the aid of fourteen 
chemical •n^b'ses. 

; ” Kyanite-Gedrite Parageneses " are discussed by C. E. Tilley 

(Geoi. JCUf.. liXXVl, 1939, 326-30), especially in rektion to a 
example seen by him at Terbeostrov in Russian Karelia, 
main ixmIes of the district are coarse garnet* and kyanite*riob 
I^Mtees assoeiated with amphibolites, among whi<^ gameb* 



634 


SCIKNCK PEOGRBS8 


amphibolites and gamet-gedritites are common. As shown by 
analysis the gedrite has a high content of alumina. Aluminium 
silicate minerals and gedrite (or anthophyllite) have been thought 
to be antipathetic, and that staurolite and oordierite is the more 
stable association derived from the same initial material. However, 
this occtirrence (and a few others) shows that this paragenesis is 
stable under some conditions of metamorphism. 

N. E. Odell’s memoir on “ The Petrography of the Franz Josef 
Fjord Region, N.E. Greenland, in Relation to its Structure ; a Study 
in Regional Metamorphism ” {Trans. Roy. Soc.. Edin., LXI, Pt. 1, 
1944, 221-46) gives an interpretation of the region which is at vari- 
ance with that of Backlund and other workers who believe that the 
phenomena are due to thorough-going Caledonian granitisation (see 
also, discussion in Quart. Joum. Oeol. 8oc., CII, Pt. 3, 1946, 443-6). 
On the contrary, Odell believes that the central zone of granitoid 
gneisses, amphibolites and paraschists (Basement Series) is Pre- 
Cambrian, and that the overl 3 dng and contiguous sedimentary 
series (Gregory Series) rests uix)n it conoordantly, no signs of a 
transgressive relationship being visible. Furthermore, at both 
eastern and western lateral contacts, the Gregory Series, consisting 
of micaceous granulites and schists, acquires its condition of maxi- 
mum stress, and regional metamorphism of the highest grade is 
developed. On the eastern side of the Basement Series a kyanite- 
silHmanite zone is found, and on the western kyanite-staurolite 
schists, with diminishing metamorphic grade farther out. Hence 
the Basement Series is regarded as an ancient resistant block against 
which parts of the sedimentary series have been compressed. 

In a paper on “ Petrology of the Government Reserve Forest, 
Kodarma, Bihar (India),” N. L. Sharma (Oeol. Mag., LXXVII, 
1940, 113-40) has described the rocks of a great mica-producing 
r^on in India. The oldest rooks are metamorphosed Dharwar 
sediments now represented by sillimanite- and mioa-gneuses and 
calc-s'ilicate-granulites. These rocks have been injected by a 
fluorite-bearing granite-gneiss (the Dome Gneiss) which has migma- 
tised the sediments with the formation of oligoclase. The abnormal 
richness of the country rocks in muscovite is ascribed to pneumato* 
lysis associated with the intrusion of the Dome Gneiss. 

B. Rama Rao and T. P. Kiishnaohar describe “ Hie Cordinite- 
Hypersthene Granulites and their Associated Schistose Bocks from 
Bidaloti, Mysore State” (Bee. Mysore Oeol. Dept., XXX.VI, 1938* 
49-76). The rocks probably belong to the Dharwar System. Hie 
cordierite-hypersthene gramdites are believed to be of sedimentaiy 
origin, but have suffered severdi oydes of metamorphism whidi 
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have impressed structural and chemical changes upon them, notably 
enrichment in magnesia. Basic rocks resembling members of the 
ehamockite series, and described as hornblende- and pyroxene- 
granulites, are believed to have been derived by plutonic meta- 
morphism from basic igneous rooks and contaminated types injected 
into the original sediments. 

The paper by M. S. Rao on “ Geology and Petrography of the 
Bezwada and Kondapalla Hill Ranges (Kistna District, Madras). 
Pt. 1. Bezwada Gneiss and Associated Rocks ” {Proc. Indian Acad. 
Sci., XXIV, 1940, 199-216) is the result of field and laboratory 
study on members of the khondalite group, including gneisses, 
gametiferous quartzites, mica-schists, crystalline limestones and 
calciph 3 rre 8 , which form the country rooks of the region. The 
khondalites are shown to have originated as argillaceous sediments. 
They have been intruded by a series of ehamockite rocks and by 
granite. New analyses of gamet-sillimanite-gneiss and of the garnet 
are given. 

The “ Amphibolites of the Lead Area, Northern Black Hills, 
S. Dakota,” described by T. A. Dodge {BuU. Oeol. Soc., Amer., 
53, 1942, 601-84), are members of a complex Pre-Cambrian terrane, 
and are found at several horizons emplaced parallel to the structures 
of the endosing sedimentary rocks. The evidence supports the 
conclusion that the amphibolites represent sills of gabbro injected 
into the sediments towards the close of the dynamic metamorphism, 
and thus altered by the ensuing movements. A zonal distribution 
of minerals in the sediments is ascribed to the temperature effect 
of depth of burial and of igneous intrusion. The amphibolites also 
were considerably affected by this thermal phase of metamorphism. 

In his paper “ Some Metamorphic Phenomena produced by 
Gabbroic Intrusion,” C. A. Larney {Joum. Oeol., XL VII, 1989, 82- 
97) describes the metamorphism of the Knife Lake Slates by the 
Duluth Gabbro, which has led to rocks very similar to the gabbros 
in composition, but possessing granulitic and granoblastic textures. 
Several metamorphic zones have been developed, some of which are 
characterised by abundant orthopyroxene, and thus differ from 
metomoi^hio zones developed around granites. 

A most unusual metamorphic type is described by C. B. Ooetzee 
in a paper on “ Sillimariite-Oorundum Rock: a Metamorphosed 
Bauxite in Namaqualand ” {Trans. Roy. 8oe. S. Afr., XXVIII, Pt. S, 
* 1940, 109-208). The rook, which is of Pre-Cambrian age, consists 
of stUimanite, 70' 9 per cent. ; corundum, 22<6 per cent. ; ilmenite, 
6 ^ per cent. ; and the percentage of Al,Oj is 66*3. The rook is 
believed to have been formed by metamorp^m of a highly alnmi- 
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nous sediment, probably a bauxite, under conditions of Idgh tem- 
perature and great depth (plutonio metamorphism). 

Describing the “ Oordierite-Anthophyllite Rooks associated with 
Spinel-hypersthenites from Toodyay, West Australia,” R. T. Prider 
(Oeol. Mag., LXXVn, 1940, 364-82) states that the r^on is occupied 
by a vari^ series of Archseozoio meta-sedimentary and igneous rocks 
(mostly granite-gneisses). All the data show that the oordlerite- 
anthophyllite assemblage is genetically related to the spinfd- 
olivine-hypersthene-rook, and was derived from it by the addition 
of silica and by contact metamorphism, both resulting from the 
intrusion of the granite. The spinel-olivine-hypersthene-rock is 
believed to have crystallised from a hypersthenite magma which 
had been contaminated with aluminous material. 

In a paper on ‘‘ Metamorphism of the Jasper Bars of Western 
Australia,” K. R. Miles {Quart. Joum. Oeol. Soc., Oil, Pt. 2, 1946, 
116-66) suggests that these banded ironstones, like those in the 
Pre-Cambrian of many countries, were originally sedimentary 
formations which have been subjected to metamorphism, leading to 
the development of certain oharacteristic mineral associations. 
Formerly they were looked upon as silicified and replaced shear* 
zones in greenstone. With increasing grade of metamorphism the 
jasper bars have been recrystallised, and the inm in the more 
ferruginous t 3 rpes has reacted with silica to form minerals such as 
grunerite, hedenbergite, iron-rich hypersthene and fayalite. 

BOTANY. By J. W. G. Lund, M.Sc.,Ph.D., Wray Castle, Ambleeide. 
Regent Cvltuiul Wobk on the Lower ALO.a! in Relation to 
THEIR Taxonomy and Ecology. — Any attempt to obtain taxonomic 
or ecological data on micro-organisms by means of cultures is open 
to the objection that the conditions in the laboratory are too far 
removed from those in nature. Recently Gerloff {Arch, ProHttmk., 
1940,94, 311), Chu {J. Ecd., 1942, 30, 284) and Bringsheim {Pure 
Cultures of Algse, 1946, and J, Seal, 1946, 33, 193) have described 
what appear to be very promising methods for removing sttoh objec- 
tions. Fritsoh, in his introduction to Pringeheim’s book, remarks 
that the polymorphism and bizarre forms of green algse arisii^ in 
the cultures of the Geneva school, led by R. CSiodat, gave rise to an 
ekment of scepticism as regards the value of such cultures (</. 
Seentdesmus, Ghodat, Rev. Hydrol., 1926, 3, 71). A similar position * 
arose in relation io Chlcmydomonaa after Moewus {Arch. Pre^Mmh., , 
1933, 80, 128) produced evidence of marked polymorphism in oertain 
spedee. Czurda {B&R. BU. Zeu/braM., 1936, A3| 196) was unabht to 
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repeat Moewus’s results and Glerloff {he. cit.) has made an extensire 
study of the growth of several species in culture. Hia results, like 
Czur^’s, show that, in order to define the natural variability of 
such algffi, healthy, actively growing populations must be studied. 
Certain features are then found to be constant, while others vary 
within definable limits. Pringsheim {J. EcoL, 1946, 33 , 103) has 
developed the soil (or mud) and water (biphasic) cultures, which 
not only give excellent media for the growth of many algae but 
simulate natural conditions. Such algae can now be studied to 
determine their natural vawiability. It will, therefore, be of interest 
to study various algae in cultures during the exponential phase of 
growth. Apart from the desirability of re-examining the poly- 
morphism of such green algae as Scenedemivs, it may be possible to 
obtain spme satisfactory data on desmid variability. Some of the 
vfuriations described from cultures {e.g. Xanthidium avbhastiferam, 
Rosenberg, New Phytol., 1944, 43 , 15) are so great as to suggest that 
the extreme forms are cultural abnormalities. Such work should 
go hand in hemd with observations on the organisms in nature. It 
may be that, if an alga is capable of variability such as is seen in 
culture, then this may be reproduced in nature and bo of taxonomic 
or diagnostic importance. However, conditions in many of the 
cultural media us^ are so different from anything known in nature 
that it may equally be that the forms produced are peculiar to the 
laboratory. S imil ar arguments apply to some ecological conclusions 
drawn from cultural work. For example, though many algse can 
grow in the dark in the laboratory when suppUed with suitable 
nutrients {e.g. glucose), this is no proof that growth occurs in darkness 
in nature, Petersen’s (Dansk bot. Ark., 1935, 8, No. 9, 1) experi- 
ments show, beyond reasonable doubt, that soil algse do not multiply 
to any appreciable extent in the dark under natural conditions, as 
the laboratory experiments of Bristol Roach {Ann. Bot., Lond., 
1626, 40 , 149 ; 1927, 41 , 509 ; 1928, 42 , 317) and others suggested. 

Qerloff’s {he. cit.) results on Chiamydomonae shoyr that the 
present division oi the genus, though of practical value, is not 
natural, and many species show variability in certain features which 
bring them into two or more of the present sub-genera, as defined in 
standsud works such as Pascher’s SilMwaaaerJhra Deidachlanda, 
OsferreicAs «nd der Schweiz, Vol. 4. The author {New Phytd., in the 
press), on much more slender evidence, has come independently to 
aimilar conclusions. This is particularly so in chloroplast structure 
and the related number and position of the pyrenoids. To take one 
of several examples, the chloroplast of C. ateUata Dill commonly has 
a central bridge, in which the pyrenoid lies (sub-genus AghS), but 
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the lumen between the lower edge of this bridge and the basal portion 
of the chloroplast may be much reduced (Qerloff, he. cit., Text-Fig. 
24, Figs. 3, 4 ; Text-Fig. 25, Fig. 8) or lost (Text-Fig. 24, Figs. 6, 7 ; 
Text-Fig. 26, Fig. 2). In the latter condition the cells have a cup- 
shaped chloroplast with a basal (or weakly lateral) pyrenoid (sub- 
genus EwMamydomoma). Alternatively, there may be two median 
lateral bulges in the chloroplast, touching, but not fusing to form a 
central bridge (Text-Fig. 24, Fig. 10). This is a transition to the 
sub-genus CMamydella (Pasoher, he. cit., Fig. 130, g,). 

Chu (J. Ecol, 1942, 30, 284 ; 1943, 31, 110) successfully culti- 
vated several common plankton algce, using piu% inorganic salts in 
concentrations (circa 0*08-0-16 mg./l. total salts) and combinations 
that wotdd simulate the different t 3 rpe 8 of natural waters as closely 
as possible. His results are of great interest. In particular, the 
fact that, within the optimum concentration ranges of nutrients 
such as nitrate and phosphate, no increase or decrease in their 
concentrations or change in the ratio between them can markedly 
affect the growth of the organisms studied. Some of his comparisons 
between his cultural results and natural conditions are open to 
criticism. For example, no growth of AsterioneUa occurred with a 
phosphate concentration lower than 0*01 mg./l. P ; yet in those 
lakes of the English Lake District to which he refers, and in which 
Asteriondla occurs in abundance, concentrations of such an order 
of magnitude have been found only on one or two very isolated 
occasions over a number of years, and there is some doubt if the 
estimates in question were correct. The usual maximum concentra- 
tion is 0*004-0*006 mg./l. P, and this occurs before large numbers of 
Aateriondla are present.; Similarly, Fragilaria croionensM b most 
abundant in these lakes when the concentration of nitrate is below 
0' 1-0*2 mg./l. N. Yet, in Ohu's cultures, no appreciable growth 
ocemred at concentrations below 0*2 mg./l. N. In most oases active 
growth only occurred at concentrations well above the maximum 
in the English lakes. It is desirable, therefore, to continue his work. 
Tlie discrepancy between cultural results and the growth of these 
organisms in nature may be due to the &ot that it is not the con- 
centration of nutrients, between certain limits, which is so important 
in nature, but the rate of supply of these nutrienta, which oan be 
utilised in very low concentrations or against a high oonoentrattori 
gradient. This supply, in nature, is probably governed 1^ the 
degree of water turbidenoe. 
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ZOOLOGY. By Wuxiah Houcks, M.A., D.Phil,, The University, Oxford. 

Fossil Fishss. — ^Fossilised animals form our only record of the 
course of the evolutionary {»x>oees ; when the record is incomplete 
all hypotheses of the ancestry of Uving organisms are based on 
indirect and conjectural evidence. Becmit advances in paleontology 
have resulted not only from the discovery of new animal remains but 
even more from the refinement of the methods by which the fossils 
can be examined, and from the painstaking comparison and con- 
nection of one form with another. In recent years the greatest 
advance has been in our knowledge of the early evolution of the 
various groups of fishes, amongst which we find the ancestors of all 
higher Vertebrates, as well as of those of the fish that still survive. 

All members of the animal kingdom fall into one of two primary 
divisions ; they are either Invertebrates or Vertebrates. But this 
dichotomy does not imply an equality of status. The Invertebrates 
are a heterogeneous assembly. numerically they have a vast 
preponderance and are far more varied in their form. The latter 
characteristic is represented by dividing the invertebrate group into 
a large number of Phyla ; the Vertebrates, on the other hand, occupy 
one Phylum only — the Chordata. Many of the Invertebrates are 
soft-bodied animals, unlikely to be recorded as fossils, and inverte- 
brate palaeontology gives us, therefore, little help in establishing the 
evolutionary coimeotion between the different Phyla. But the 
Chordates — ^that is, fibe fish, amphibia, reptiles, birds and mammals 
— ^have a hard skeleton, often external as well as internal. In 
consequence our knowledge of the history of this Phylum is now far 
more complete than it was in the days when the recent evolution 
of the horse was the only example oflui evolutionary series sufficiently 
concrete to find its way into the text-books. 

l^e most primitive living fish, that is, the fish that are closest 
to what is believed to be the ancestral chordate form, are two rare 
animals, Atnphiooeut and Asymmetnn. These two are the only 
ohordatee in which the oentr^ nervous system is wholly without 
that specialisation at the front end that, in all others, forms a 
brain. The fossil record formerly gave us no indication of the 
ancestry of these creatures or of their connection with higher forms'. 
But now E. I. White, re-examining an old ooUection of fossils, has 
found an animal which appears to lie close to the main stock fioin 
which the higher chordates arose, and which is a likely ancestor 
for AfftpAuwtts (Qeol. Mag., 1946, 83, 89). In many features it 
raacmbles Amj^Moxus, but differs in having large eyes, and lateral 
fin folds running the length (d* the body. It cmnes from the Siloriaa 
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beds of Lanarkshire, and is therefore not as old as some known 
fossils of higher fish types ; in consequence it cannot itself be the 
ohordate ancestor. But its discovery gives us encouragement to hope 
that we may yet find further evidence on the earliest and most 
mysterious period of chordate evolution. White has named the 
animal Jaymoytius in memory of J. A. Moy-Thomas, whose book on 
Palteozoic Fie^ (Methuen, London, 1939) gives a valuable introduc- 
tion to this thriving branch of palaeontology. 

AH higher chordatos have some sort of brain, and are so called 
Craniates, in distinction from the Amphioxtis group, the Aorania. 
The earliest Oraniates, however, are still primitive in that the 
anterior segments of the head have not yet been modified into jaws ; 
for this reason they are called Agnatha. The inner ear shows an 
interesting primitive feature in having only two semicircular canals. 
The only Agnatha living to-day are the lampreys and hagfishes, the 
surviving representatives of what was once a dominant group. 
The extinct Agnatha, which failed in competition with the later- 
evolved jawed fishes, are a group known as Ostracoderms ; they 
first appeared in the Ordovician, and are the only chordates known 
finm these early beds. They flourished in the Silurian and gradually 
disappeared in the Devonian. They were small animals, seldom 
more than a foot long, and were covered with a stout external 
armour of bone. 

There are two sorts of skeletal tissue foimd in Chordate animals ; 
cartilage and bone. The skeleton of the living Agnatha is carti- 
laginous ; so is that of primitive living jawed fish such as the 
dogfish. Furthermore all those chordates in which the adult 
skeleton is of bone pass through embryonic stages in which the only 
skeleton is of cartilage. Is it not therefore reasonable to suppose 
that cartilage as a skeletal material is older than bone 7 The 
discovery of the bony nature of the Ostraooderm skeleton, and other 
evidence derived from the study of fossil fish, leaves no doubt that, 
in fact, bone is the older material, and that in the evolution of some 
chordates it has tended to be reduced and replaced by cartilage. 
The fact that the internal skeleton of embryos is first formed of 
cartilage is not a demonstration that development recapitulates 
evolutionary history ; it is merely a special adaptation to embryonic 
life. Cartilage is the ideal material for the first laying down a 
skeleton that must rapidly extend during the growth of the emhryo ; 
the manner in which bone is laid down is unsuited to this requirement 
(Bomer, Amer. Nat., 1942, 76, 394). The cartilage of the lampreys 
and dogfish is therefore secondary and not a primitive duuaeter. 

Four main groups (Orders) of Ostraoodmnn are known ; Westdl 
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has reoraitly raised some important questions in relation to the 
structure and aifinities of one of them, the Gephalaspids {Tran». 
Boy. Soc. Edin., 1946, 61, 341). The Oephalaspids were provided 
with a conspicuous crescentic bony shield over the head region. 
On either side of the brain this head shield covers cavities which 
communicate with the brain by canals, and through these it seems 
that there ran thick nerve trunks. StensiO, whose work first 
illuminated this group, suggested that these lateral cavities were 
occupied by electric organs ; that is, by defensive organs comparable 
with those found in the living Torpedo, the electric ray ; Oymnotus, 
Uie electric eel ; and Mdlapterus. Such organs generate a powerful 
electric charge by a modification of the normal process of impulse 
conduction in nerve or muscle, and they always have, in consequence, 
an abundant nerve supply. In living fish the electric organ may be 
of either of two types ; usually it is formed from a large mass of 
modified voluntary muscle ; in Malapterua it is said to arise by 
modification of the tissues of the corium. Westoll believes that the 
Oephalaspid “ electric organ ” cannot be of the former type, since 
the spaces in which it lies are too small to contain the necessary 
mass of muscle ; it cannot be of the latter type, since it lies internal 
to the corium. He suggests, as an alternative hypothesis, that these 
structures, so characteristic of Cfephalaspids, were special sense 
organs, probably responding to vibration in the water, and com- 
parable in function with the lateral line organs universally present 
m living fish. He points out in support of this view the fact that 
the lateral line system of Oephalaspids is only slightly developed. 

Certain structural features of the Gophalaspid exoskeleton lead 
Westoll (op. cit.) to the conclusion that bone was only deposited 
within the skeleton when the animal was fully grown. This view 
has important implications if it is applied to the whole Ostracoderm 
group. The three other recognised Orders that it contains are the 
Ooelolepids, Pteraspids and Anaspids. The Ooelolepids are a poorly 
known group, and Westoll suggests that one animal long placed 
within it is, in fact, an unossified Oephalaspid. Other Ooelolepids, 
which ^ow resemblances to Pteraspids, may really be unossified 
relatives of the latter group. If non-ossification is a larval character 
there are many interesting possibilities as to the relationships and 
mode of evolution of Ostraooderms. 

The study of fossils not only illuminates the anatomical features 
of long-dead animals ; it also facilitates speculation on their mode of 
ti& and their relations with their contemporaries in other groups. 
Aw mteresting general study of the Ostraooderms from this point of 
view has been made by Westoll elsewhere (Aberdeen Univ. Bm., 
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1942, p. 114). The t»iuik of a Oephalaspid was more or less triangular 
in seotion, and at the lateral angles of the flat ventral side some of 
these fishes possessed a row of projecting scales. Some also possessed 
a pair of paddle-Uke outgrowths from the hind borders of the head 
shield. These soales and paddles must have served the frmotion 
of stabilising rudders ; do they, therefore, represent the first appear- 
ance of paired fins, which are an essential part of the stabilisation 
mechanism of higher fishes ? It appears that, although they are 
analogous in function they are not, in fact, “ ancestral ” to paired 
fins, and that the latter were a new and independent development. 
This and many other topics ate discussed hy Romer in a review of 
‘ The Barly Evolution of the Fishes ’ {Quart. Rev. Biol., 1946, 21 , 33). 

The next stage in fish evolution is represented by a group known 
as Placoderms. Watson’s study of a large family of these Devonian 
fishes made it clear that they are an advance on Ostracoderms in 
possessing jaws, derived by modification from the skeleton of a 
gill arch ; they are still primitive, however, in that the hyoid gill 
slit, that immediately behind the jaws, has not yet been modified 
into the spiracle that is characteristic of higher forms. For this 
reason Watson proposed that the group should be known as 
Aphetohyoidea {Phil. Trans. Roy. 8oc. B, 1937, 228, 49). 

Among the Placoderms the Acanthodii have paired fins in varying 
numbers : some have as many as seven pairs. The chief structural 
element of these fins is a single spine, and Westoll has traced what 
seems to be an evolutionary series in the fin structure of the group : 
in the more primitive forms the spines are almost immobile, broad 
and short ; later members developed special locomotor muscles in 
relation to the spine, together with extra skeletal elements, giving 
the fin greater mobility (Trans. Boy. 8oc. Edin., 1946, 61, 881). 
It is tempting to construct a simple evolutiotutry series, showing the 
evolution of paired fins passing from the Ostraooderm condition 
through that in the Placoderms and leading to the condition in higher 
fishes. The existence of such a series is implied by Gregory and 
Raven, who have recently surveyed at length the evolution of 
paired fins and limbs {Ann. New York Acad. Bei., 1941, 42, 275). 
But, as was mentioned above, the evidence seems to indioate that 
the fins of Ostracoderms were independently developed, and are not 
ancestral. And, so far as Placoderms are concerned, Westoll takes 
the view that the paired fins have devdoped along a ’’ sheaf of 
phylogenetic lines,” and that direct connections between the groups 
are few. As is so often the case evolution has led animals up a 
great many ” blind aUeys,” and we must not be too ready to assume 
that fossils fall into a sins^ progrescdve line of ohange. Itethei' 
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-redoltition of the problem of the early evolution of the fins requiree 
new knowledge of their internal skeleton, for it is at present 
fri^mentary. But WestoU x>oint8 out that Gr^oiy and Raven’s 
view is not fully supported by the more substantial evidence provided 
by the comparison of fossil skulls, which are usually well preserved. 

A theory of the first origin of paired fins that has long held the 
field is the “ fin-fold theory.” The chief support for this theory 
came from the study of a fossil shark Cladosdaehe. It was supposed 
that the primitive fin was a broad fieshy fold in the body wall, 
supported by a number of parallel skeletal rods ; later evolution 
restricted the fins to a narrower area, and the skeletal elements 
concentrated to give the fin as we see it to-day. But our more 
recent knowledge of the spiny fins of Placoderms, animals of greater 
antiquity than the sharks, shows that the fin-fold theory cannot 
now be held in its simplest form. 

There is no doubt that the paired limbs of land-living chordates 
evolved by trcmsformation of the paired fins of fish. And, although 
the fins of living fish are highly specialised structures that could 
not have been modified in this way, the history of the typical limb 
of terrestrial forms — the pentadactyl limb — can be traced back 
through forms of fish now extinct. The story of the evolution of 
the pentadactyl limb is related by WestoU, who gives his own theory 
of the manner in which the fin was tramsformed, and compares aixd 
contrasts it with the theories of Gregory and Raven (WestoU, Proc. 
Boy. Soc. B, 1943, 131, 373). . 

Moy-Thomas {Phil. Trana. Boy. Soc. B, 1940, 230, 391) has 
produced convincing evidence that the mysterious Uttle fossU 
Paleeoapoftdyhta, a fish about 2 inches long, known chieAy from 
specimens from a mid-Devonian Scottish quarry, is in fact a 
Placoderm — ^the only Placoderm without a bony extemeJ skeletoh. 

Towards the end of the Devonian the Placoderms became 
extinct ; some of the laet of them to survive fail into a group known 
as the StegoselacM. In these animals the charactenstio head 
armour, and the exoskeleton of the thorax, were considerably 
reduced. By such a process of de-ossifioation it may be regarded 
that the next importuit group of fishes were evolved, for these, 
the Eksmobranchs, have a oartUagmous skeleton, and never contain 
true b<me. They appeared in the late Devonian and are still 
r^iresented to-day by the sharks, dogfish, rays and chimsN’aa. In 
structure they show an advance on the Placodenus m that the 
first giU slit was probably idways modified into a spiracle, and its 
ikeMxm played a part in the suspension of the jaw cartilages. 
Ifioy-Thomas has surveyed and systematised our knowledge of the 



SCIBNOl PROGRESS 


544 

©volution and relationahips of this group {Biol. Rev., 1939, 14, 1). 
He emphasises that in the earliest times the Elasmobranchs divided 
up into two groups : the Selachii (sharks, dogfish and rays) and the 
Bradyodonti (chimaeras). The groups are notably distinguished by 
their tooth structure — a valuable criterion in fossils, for sometimes 
only teeth survive. The chimaeras were always adapted to feeding 
on molluscs, and so have flattened crushing teeth, while the Selachii 
have sharp tearing teeth. He was unable to trace any relationship 
between the Elasmobranchs and any Placoderms, so that this 
stage in the evolutionary story remains mysterious. But it is quite 
clear that the Elasmobranchs cannot have been themselves the 
ancestors of any living non-cartilaginous fishes ; they are a side- 
line in evolution, and have contributed only the sharks and their 
relatives to the fauna of the present day. 

The bony fishes, which are numerically the masters of the waters 
of the present time, are known, together with their ancestors, as 
the Osteicthyes, though, as we have seen, other and earlier forms 
were also provided with bone. All Osteicthyes have an operculum, 
which provides a covering to the external apertures of the gill slits, 
and all have an air-bladder, sometimes used as an additional 
respiratory organ, sometimes only hydrostatic in function. Both 
these features are absent from Ostracoderms, Placoderms and 
Elasmobranchs. The Osteicthyes first appeared in the Middle 
Devonian, from some ancestor independent of the Elasmobranofa 
line. From the earliest times they separated up into two separate 
evolutionary lines. On© of these lines, the Crossopterygii, contained 
within it a group known as Osteolepids ; these became extinct in 
the Permian, but before doing so they gave ofiF an evolutionary line 
which later led to the amphibia and land-living chordates. The 
ancestor of all chordates higher than fish was, therefore, an 
Osteolepid. WestoH {Biol. Rev., 1943, 18, 78) has surveyed this 
problem of the origin of higher forms from fish. He concludes that 
the ancestral type was already difBsrentiated in the earliest Late 
Devonian from a single narrowly defined Osteolepid type. His 
review also contains a discussion of one of the most difficult aspects 
of fish palaeontology, that of the elucidation of the homologies of 
the dermal bones of the skull, and the devising of a oonsutent 
nomenclature. During the course of developmmit of fish the 
osteoblasts that are destined to deposit the material of the dermid 
bones often commence their activity in the vicinity of the lateral 
line sense-organs and canals. It has been further maintained that 
the elemmxts of the lateral line system actually induce this bone 
formation, and are therefore the ** cause " the formation of the 
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dermal bones. For this reason many writers have used the position 
of the lateral line canals, which form impressions in the bone, as 
indications of homology. A bone whigh contains a given canal in 
one animal is homologous with the bone containing that canal in 
another. Experimental work by Moy-Thomas cast some doubt on 
this convenient practice {Nature, 1941, 147, 681). He extirpated 
the lateral line sense organs and canal from the frontal region of the 
head of trout embryos, before the bones had formed. He found 
that the development of the frontal bones proceeded normally, in 
spite of the absence of the lateral line. Nevertheless, Westoll 
maintains that in the earliest fish the position of the sensory pits 
and canals is still of great value in elucidating bone homology. 

The Dipnoi, or lung-fishes, are few in number and of limited 
habitat ; they retain some Crossopterygian characters, but have in 
many respects been modified ; until recent years they were regarded 
as the o^y Grossopterygians that had escaped extinction in the 
struggle for existence. But in 1939 it was announced that a 
Crossopterygian of the Coelacanth group had been captured alive 
off the east coast of South Africa. This discovery caused great 
excitement amongst zoologists, for the geological evidence had 
indicated that the Ccelaoanths had become extinct millions of years 
ago. So far no second specimen of this remarkable fish Laiimeria 
has been captured, and the first specimen had been considerably 
mutilated before it could be examined by experts. But enough 
remained to allow of an extensive investigation of its structure 
(J, L. B. Smith, Trans. Roy. Soc. S. Africa, 1940, 28, 1). It seems 
to have changed little from the Coelacanth form shown by the 
Triassic fossils. The mystery of how it has escaped capture so 
long is partly explained by Smith’s suggestion that its normal 
habitat is at a moderate depth beyond the reach of line fishing, and 
in rooky bottom conditions where trawl nets cannot operate. Here 
it probably crawls among the rocks and rarely swims to a higher 
level. 

Of the second and now dominant group of Osteicthyes, the 
Aotinopterygii, little can be said here. They are the descendants 
of those early forms that “ decided ” to remain fish while their 
relatives ventured on to land and became our own ancestors. But 
mention should be made of a study of a fossil Aotinopterygian 
group, in which Westoll makes many interesting suggestions about 
the habitat and evolution of these fish {BuU. Amer. Mm. Nat. 
Hist., 1944, 83, 1). 



NOTES 

Calculating Machines (R. E. J.) 

Professor D. R. Hartree, P.R.S., discussed recent developments 
in the design of calculating machines in his inaugural lecture as 
Plummer Professor of Mathematical Physios in the University of 
Cambridge {CahuUUing Mad^ines, pp. 40, C.U.P., price 2s.). In his 
undergraduate days, during the first world war. Professor Hartaee 
was a member of a group working at Portsmouth on the problem of 
anti-aircraft defence. This work involved long numerical calcula- 
tions and Professor Hartree became interested in the technique o£ 
handling numbers. This interest led him Itkst summer to America, 
where he had the privilege of examining and operating the new 
calculating machine known as ENIAC, designed by the University 
of Pennsylvania. His lecture, which deals mainly writh the ENIAC, 
is full of those important detaUs which can be given only by someone 
who has worked with the machine and fully understood its operation. 

ENIAO (Electronic Numerical Integrator and Calculator) was 
primarily designed for the integration of certain equations connected 
with balhstios and not specifically as a general purpose machine. 
It is the first of the now type of calculating machine using electronic 
circuits as the actual computing elements, and as such paves the 
way to the future. Its chief limitation when used for general pur- 
poses is its comparatively small “ high-speed memory,” which can 
only hold up to twenty numbers. Experts now agree that this 
number should be increased to between one and five thousand. A 
system of punched cards is provided to supplement this memory, 
but the use of such a system is cumbersome for calculations involvh^ 
large numbers of intermediate results and is, of course, much slower 
in operation. 

A most important unit of the ENIAC is the ” Master Pro- 
grammer,” which organises the computing sequence and makes the 
change from one sequence to another. Claims have been made that 
the maolune can judge when to change from one operation to the 
next, but this judgment is extremely limited. The machine ob^ 
blindly the sequence laid down for it, and in this conneotkm Pro- 
fessor Hartree speaks of the necessity of developing what he terms 
the “ maohine’s-eye view ” of the problem, that is, the ability to 
foresee what wiQ happen when the machine does just what it is told 
to do, no more or less. If the work leads to unpredictable residtk^ 
such as a division by nought, the maohi^ still follows the sequence 
prescribed for it and the oaloulation breaks dowm. Professor 
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Hartree devoted the latter part of his lecture to a oonsideration of 
the effect that this new tool will have on mathematical physios and 
statistics, and to the problems which can be solved if the ability of 
a machine, which can make a million multiplications in an hour, is 
fully appreciated and utilised. It is interesting to notice, in one of 
the examples given, which deals with the solution of a large number 
of simultaneous equations, the method which is most suitable for 
use on the ENIAC. It consists of re-arranging each equation so 
that its right-hand side is equal to zero, of then squaring and adding 
the equations and finding the values of the variables which maike this 
necessarily positive sum . a minimum. This method, using the 
quadratic form to solve linear equations, is one example bf the 
necessity of starting “ to think the other way round ” when using 
the machine. Similarly the present-day tendency to take the 
differential equation as the fundamental statement of a physical 
problem may give way to the use of the integral equation, when the 
phenomenon as a whole may be examined. 

Professor Hartree’s lecture gives a comprehensive but still concise 
account of this new tool. The latter part is illustrated by mathe- 
matical examples, which are given in sufficient detail to be followed 
easily. The lecture leaves the feeling that, with the advent of 
modem calculating machines, the time has come to reconsider the 
solution of those problems which were not tackled in the past because 
of their arithmetical complexity, and to consider carefully the new 
types of problem which can be tackled with confidence in the future. 

Papin's Tercentenary (M. Schofield) 

To recall the birth 300 years ago of Den}^ Papin should strike 
a resonant note among three sections of pure and applied scientists. 
The physicist aill naturally claim “ priority ” (to use an over- 
worked term) in commemorating this native of Blois who was 
a physicist himself before taking the chair of mathematics at 
Marburg, who was collaborator of Huygens and Boyle, and a 
Frenchman elected F.R.S. and “ temporary curator of experiments ” 
to that body. How well one remembers the picture of Papin’s 
IHgestear in early physios textbooks 1 In particular Everett’s Eng- 
lish translation of Desohanel’s TmiU de Phydiqfte, though now so 
” old fashioned,” found full space for the bronze boiler with bunung 
coals below, a boiler with the first safety valve working on the lever- 
plus^weight principle — all to demonstrate, as far as the physicist goes, 
that water may be taken to well over 100° C. within a (dOsed vessel. 

But the engineer and the food technologist will have some say 
in Papin’s contributions to knowledge. In the birth of the steunh 
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engine the digester was an important step in itself, apart from 
Papin’s subsequent conversion of it into a condensing engine. After 
the threat of religious persecution had driven him to London, Papin 
described his digester in 1681. He spent some years here, was off 
again to the Continent, but returned in 1676 for a short spell to 
outline a second idea which engineering science will claim, the 
pneumatic transmission of power which Papin demonstrated when 
he exhausted a chamber, connected a pipe to the point where power 
was needed, and on withdrawing air behind a piston, saw atmo- 
spheric pressure move the piston. After moving to Marbui^ Papin 
worked on Huygen’s gunpowder engine,, the first (though imprac- 
ticable) gas-engine. So it is not surprising to find him thinking now 
of his digester as an engine boiler ; of causing the steam to push 
up a piston to be caught id a latch, and then on withdrawing the 
fire below, to cause a partial vacuum and see the return of the piston. 
Since the piston did work in pulling a rope attached via a pulley 
to a weight, Papin’s “ engine ” was bom as intermediate between 
Hero’s Aeolipile and Watt’s steam engine (Watt began with a Papin 
boiler). 

Yet why did Papin construct his “ digester,” and call it such 7 
There the food technologist scores. For Papin, like Appert and 
other inspired Frenchmen, had become interested in food prepara- 
tion. ” I took some beef bones that had never been boiled . t , 
these being put into a little glass pot with water . . . and after the 
vessels being cooled, I found very good jelly, which, with sugar and 
juice of lemon, I did eat with as much pleasure as jelly of Harts- 
horn.” That experiment on “ digesting ” bones proved of greater 
significance than all Papin’s other work on the air-pump, with his 
two-way tap and his double-barrelled pump ; on hydraulics ; and 
on the exhausted bell-jar receiver which demonstrated the part 
jfiayed by air in sound tran^ission. 

Miaoallanea 

The following were elected to be Fellows of the Royal Society 
at the meeting held on March 20 : Dr. W. J. Arkell, formerly senior 
research fellow of New College, Oxford ; Dr. G. M. !^nnett, Govern- 
ment Chemist ; W. 8. Bisat, civil engineer ; Mary Lucy Cartwright, 
fellow of Girton College and lecturer in matl^malaos in the University 
of Cambridge ; Prof. E. J. Conway, professor of bioohemislay. 
University College, Dublin; Prof, T. G. CowMng, professor of 
mathematics in the University College of North Wales^ Bangor ; 
J. Craigie, member of the scientifio staff of the Imperial Cancer 
Besearoh Fund, London ; M. B. Crane, head of the Pomology 
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Department of the John Innes Horticultural Institution, London ; 
Prof. W. J. Duncan, professor of aerodjmamios at the College of 
Aeronautics, Oanfield ; Prof. M. G. Evans, professor of physical 
chemistry in the University of Leeds ; Dr. W. S. Peldberg, lecturer 
in physiology. University of Cambridge ; T. Goodey, principal 
research officer, Institute of Agricultural Parasitology, St. Albans ; 
Dorothy C. Hodgkin, fellow and tutor of Somerville College, Oxford, 
and University demonstrator in chemical crystallography ; J. 
Hutchinson, keeper of the museums. Royal Botanic Gardens, Kew ; 
Dr. D. A. Jackson, lecturer in spectroscopy, University of Oxford ; 
Prof. G. Jefferson, professor of neurosurgery in the University of 
Manchester ; Prof. H. A. Krebs, professor of biochemistry in the 
University of Sheffield ; Dr. F. G. Mann, reader in organic chemistry 
and fellow of Trinity College, Cambridge ; Prof. P. B. Moon, pro- 
fessor of phjrsics in the University of Birmingham ; Dr. E. Orowan, 
Cavendish Laboratory, Cambridge ; Prof. F. A. Paneth, professor 
chemistry in the University of Durham ; Muriel Robertson, head 
of the Department of Protozoology of the Lister Institute, London ; 
Prof. F. J. M. Stratton, professor of astrophysics in the University 
of Cambridge ; Prof. C. H. Waddington, professor of animal genetics 
in the University of Edinburgh ; Air Commodore F. Whittle, 
adviser to the Controller of Supplies (Aircraft), Ministry of Supply. 

Princess Elizabeth has been elected a Royal Fellow of the Royal 
Society. 

The Holweck Prize for 1947 of the Physical Society and the 
MMaille Holweck of the Soci^t^ Fran^aise de Physique have been 
awarded to Prof. E. N. da C. Andrade, Quain professor of physios 
in the University of London, in recognition of his experimental 
investigations on the solid and liquid states. Other medals awarded 
during the quarter include those of the Royal Geographical Society : 
Founder’s Medal to Brigadier Martin Hotine, director of Colonial 
Surveys, Patron’s Medal to Colonel Daniel van der Meulen, and 
Victoria Medal to Prof. E. G. R. Tajdor, emeritus professor of 
geography in the University of London ; the Linnean Medal of the 
Linnean Society of London to Prof. M. OauUary of the University of 
Paris ; a Valdemar Poulsen Gold Medal of the Academy of Technical 
Scienoes in Copenhagen to Dr. E. F. W. Alexanderson and to Sir 
Robert Watson-Watt ; and the James Watt International Medtd 
of the Institution of Mechanical Engineers to Prof. S. Timoshenko. 

Sir John Lennaid-Jones, Plummer professor of theoretical 
ohemistry in the University of Cambridge and chief sdentifio adviser 
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to tiie Ministry of Supply, has been appointed ohairman of the 
Advisory Council on Scientific Besearob and Technical Development, 
Ministry of Supply, in succession to Sir Frank Heath. 

The following appointments have been made to chairmanships of 
research boards of the Department of Scientific and Industrial 
Research : Sir Edward Salisbmy to be ohairman of the Forest 
Products Research Board in succession to Prof. V. H. Blackman ; 
Engineer Vice-Admiral Sir Harold Brown to be ohairman of the Fuel 
Research Board in succession to Sir Harold Hartley ; Sir Stanley 
Angwin to be ohairman of the Radio Research Board in succession 
to lieut.-Col. Sir George Lee. 

Dr. Franklin Kidd, superintendent of the Low Temperature 
Research Station, has been appointed director of food investigatkm, 
Department of Scientific and Industrial Research, in succession to 
Dr. C. S. Hanes, who has become head of a unit of biochemistry 
which is being set up at the University of Cambridge by the Agri- 
cultural Research Council. Dr. E. C. Bate-Smith, senior principal 
scientific officer at the Low Temperature Besearob Station, has been 
appointed superintendent of the station. 

We have noted with great regret the annoimoements of the death 
of the following scientific workers during the past quarter : Sir 
Joseph Barcroft, F.R.S., emeritus professor of physiology in the 
University of Cambridge ; Mr. W. J. Bean, C.V.O., formerly curator 
of the Royal Botanic Gardens, Kew ; Dr. F. F. Blackman, F.B.S., 
formerly reader in botany in the University of Cambridge ; Prof. L. 
Cobbet, formerly professor of pathology in the University of Shef- 
field ; Dr. J. D. Falconer, formerly director of the Geological Survey 
of Nigeria ; Prof. V, M. Goldschmidt, ForJiiem.B.S., formerly 
professor of geology and mineralogy in the University of Oslo ; 
Dr. D. Hooper, formerly of the Wellcome Historical Medical Museum; 
Prof. P. Janet, formerly professor of psychology in the Coll^ de 
France ; Prof. L. W. Lyde, emeritus professor of geography in the 
University of London ; Sir Halford Mackinder, P.O., sometime 
dImotor of the London School of Economics and Political Science ; 
Prof. B. A. MoSwiney, F.B.S., professor of physiology at St. Thomases 
Hospital ; Prof. R. Newstead, F.R.S., emeritus professor of onto*- 
mology in the University of Liverpool ; Prof. LI. G. Owen, fbrmwl^ 
profiMMor of mathematics in the University of Rangoon ; Prof, W. 
Ramsden, emeritus professor of biochemistry in the Univeteity of 
Liverpool ; Prof. P. M. Boxby, formerly professor of geography in 
the University of Liverpool ; A. Soott, F,B.S., formerly diraotor 
of soientifio researeh at the British Museum ; Dr. H. M, Tory, 
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fonnerly president of the National Research Council of Canada ; 
Dr. W. L. Valentine, editor of Science and formerly professor of 
psychology in Northwestern University ; Mr. H. A. S. Wortley, 
principal oT University College, Nottingham. 

The Jubilee Memorial Lecture of the Society of Chemical 
Industry for 1946 was given by Mr. F. P. Dunn and dealt with British 
Chemical Publications. The greater part of the lecture was con- 
cerned with the history of the publications of the Chemical Society, 
the Royal Institute of Chemistry, the Society of Chemical Industry 
and the Bureau of Abstracts which is maintained jointly by the two 
Societies, the Physiological, Biochemical and Anatomical Societies and 
the Society for Experimental Biology at a cost, in 194S, of £18,666. 
The lecturer had, however, much to say of wider interest. He gave 
a clear exposition of the restrictions, imposed by the €k>vemment, 
which cause books published in this country to be less attractive in 
appearance than those produced in the United States and gave 
statistics which showed that, before the last war, the number of 
scientific and technical books published each year in Great Britain 
was considerably greater than the number published in the U.S.A. 
He estimated tW our printers, still short of staff and without re- 
placements of machinery, will take at least five years to catch up 
arrears of work so that it is unlikely that the pre-war ratio will be 
reached for some years. 

The Societies are still handicapped by lack of paper. Chemistry 
and Industry is allowed only 64 per cent, of its pre-war consumption 
and although the Journal of the Chemical Society, the Journal of the 
Society of Chemical Industry and the Abstracts are allowed 100 per 
cent, of their pre-war quota the membership of the Societies has 
nearly doubled. The infiux of papers is so great that, on an average, 
six months elapse from the date of receipt of a paper to the date 
of its publication. 

Speiddng of the future of the Journal of the Society of Chemical 
Industry Mr. Dunn regretted that the policy of some of the big 
chemical organisations should appear to be opposed to the publica- 
tion of the results of industrial research. The prestige of British 
chemistry to a large extent depend on the quality of British chemical 
piiblioatkms and if the large and important firms attract the best 
olwmists and then refuse to allow their achievements to be made 
kocrwn the reputation of Brituh work will inevitably decline. 

The Intemidlonal Committee of Weights and Measures held its 
&rst pleittuy seasidn for nine years in October last. Mr. J. E. Sears 
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of the National Physical Laboratory was elected president for the 
session and M. Dehalu (Belgium) secretary. The Committee carried 
out the usual formal inspection of the vault in the Bureau Inter- 
national des Poids et Mesures in which the International Prototypes 
of the Metre and Kilogramme are kept, and were able to see that 
the reinforcement of the vault had preserved the standards from 
damage from the bombs which fell in the grounds of the Bureau. 
The International kilogramme has been compared with the working 
standards employed in the Bureau for the first time since 1889 with 
results which, after special cleaning of the metal surfaces, agreed 
in each case, within 0-05 mgm. with those obtained at that time. 
The working standards of the metre have been re-engraved and with 
improved methods of observation it is claimed that two of them 
can be compared within ± 0-1 micron (t.c. ± 1 x 10“’ metre). 

The Committee decided that on and from January 1, 1948, the 
absolute electrical units based on the M.K.S. or C.G.S. system 
should take the place of the present units based on the mercury 
ohm and the silver voltameter and adopted the following conversion 
factors : 1 international ohm = 1-00049 absolute ohm ; 1 inter- 
national volt = 1-00034 absolute volt. On the same date the 
present international candle will be replaced by a unit of candle- 
power of such magnitude that the luminous intensity of a black 
body at the freezing-point of platinum is 60 c.p. per sq. pm. But 
for the war all these changed units would have been adopted on 
January 1, 1940. 

The BeU Laboratoriea Record for February 1947 (Vol. XXV, 
No.2, pp. 70-74) contains an account of an Optical Proximity Fuse 
which was developed during the recent war. This particular fuse was 
designed to fit into the nose of a ij-in. rocket, for use against mrcraft. 

The great advantage of a proximity fuse is that its moment of 
detonation is decided by the target itself, i.e. the aeroplane. In the 
older types of fuse which were pre-set, the trajectory of the projectile 
might have been correct, but due to small errors in the fuse setting 
the explosion would take place out of range. A 4^-in. rocket, 
travelling 100 ft. in ^th second, would obviously require an extremely 
accurate type of pre-set fuse to misure detonation at the correct point. 
In addition, the optical proximity fuse can automatically make 
allowance for certain small changes in the aeroplane’s course after 
the projectile has been fired. Similar t 3 rpes of fuse were developed 
during the war, using Radar principles. 

The fuse operates when the intensity of the light falling on it 
suddenly changes, as it will do on approach to the target. A toroidal 
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lens focuses the light on to a small photocell which is connected to 
a vaJye amplifier. The output of the amplifier, which is nil until 
there is a sudden change of light intensity, is made to operate a 
thyratron discharge tube. This in turn starts the chain which 
ignites the explosive charge. 

The toroidal lens forms part of the conical nose of the rocket and 
is made of optically clear methyl methacrylate, commercially known 
as Incite or plexiglass. The lens was made by injection moulding 
to the final dimensions and no polishing was required after moulding. 
The lens was designed to transmit only light received from a narrow 
angle around its circumferential surface, this being achieved by 
having an opaque covering over part of the lens and also by a 
suitable choice of curvature. This narrow angle was further defined 
by a slit opening to the photocell. By these means the fuse is made 
to “ see ” the target when the latter is in the densest part of the 
fragmentation pattern. 

The development work on the fuse had two major problems to 
overcome. Firstly, all the components had to fit into a very limited 
space and miniaturisation was essential. Secondly, the components 
had to be capable of withstanding the accelerations, of the order of 
1000^, experienced when the rocket is fired. It was essential to 
meet these requirements without reducing the size of the explosive 
charge and also in a form suitable for cheap mass production 
processes. 

To provide a shockproof mounting, the valves, condensers, etc., 
are mounted individually in holes cut in a wooden block which was 
then covered in wax. Allowance was made for the variable char- 
acteristioB of the amplifier valves by matching them with suitable 
grid bias resistors and condensers before they reached the assembly 
line. The power supply is a small cylindrical battery unit. 

The fuse is provided with safety switches to prevent premature 
operation if the fuse were accidentally dropped before being fired 
and the amplifier is also prevented from functioning until the pro- 
jectile is a good way along its trajectory. An additional self- 
destruction arrangement is provided to make the projectile explode 
before reaching the ground, in the event of it missing the target. 

To a large extent the success of this t 3 q)e of fuse was due to the 
recent developments which have been made in the prooessing of 
plastics, in die-casting and in impregnating compounds. It is a 
neat solution to the problem of exploding the projectile at the correct 
point in space, but it is stiU a sorry reflection on the state of modem 
civilisation that such a beautiful mechanism was made solely for 
purposes of destruction. 
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An Introduction to the Study of Eolipeing Variables. By Z. 

Kopal. Harvard Observatory Monograph No. 6. [Pp. x + 220, 

with 2 figures.] (Cambridge, Mass. : Harvard University Press ; 

London, Oxford University Press, 1946. 22s. 0d, net.) 

This book is a fairly exhaustive treatise dealing with the theoretical interpreta- 
tion of the light curves of eclipsing binary stars. Nobody requiring an intro- 
duction to the whole subject of eclipsing variables, or even to that aspect of it 
covered by photometry, should, however, be misled by its title into starting 
with it. For instance, though practically every page is concerned with the 
analysis or interpretation of light curves, not one is depicted, and the reader 
is presumed to be familiar with the many observed typos of variation. 

This objection to the book’s title, however, cannot be matched by any 
criticism of its contents, once the author’s intention is recognised. For 
research astrophysicists taking up this very complicated field of double>star 
astronomy, Dr. Kopal’s work should quickly become the standard text, 
collecting as it docs all the relevant material hitherto scattered in many 
periodicals, systematising it and presenting it lucidly and concisely ^ The 
flexible graphical methods of the IQBO’s, based on plausible but overaimplified 
models of eclipsing systems, are rapidly giving way to more exact numerical 
metliods of successive approximation applied to models that are physically 
more satisfactory, and which take into account such factors as gravity- 
darkening and ellipticity and reflection effects. This ch^ge of emphasis has 
been made possible by the greatly increased photometric •accuracy afforded 
by photoelectric apparatus, and it will be accelerated by the systematic and 
painstaking treatment outlined by Dr. Kopal in this book. 

The first half of the memoir deals with geometrical considerations ; the 
eclipses of spherical stars seen as concentrically darkened cimular disks, the 
derivation of orbita-l elements from the observed light curves, and the 
improvement of preliminary elements to allow for limb darkening and 
ecoentiioity. The second or dynamioai half deals with the modificatioius 
introduced into tlie light curves when tidal forces and axial rotation oaxise 
the components to depart from sphericity. Here a physical model is first 
developed to represent a distorted star in equilibrium, the effect of the dis- 
tortion on the isophotes is then discussed, and the net result on the light 
curve both inside minima and between eclipses is estimated- The last 
chapter discusses the various methods for determining and rectifying the 
elements of close eclipsing systems, and brings the reader right up to the 
present frontier of research in this field. 

He would be ill-advised to engage in the fray, however, without knowing 
something of the ftmetion of his allies in the general plan of attack. Dr. 
Kopat’s book tells only half the story ; for the rest, the part coveted by 
radial velocities and specferoscopy generally, there is only the current 
periodical literature as guide. What we now need is a oempunon volume to 
Dr. Kopal’s excellent memoir which will, in conjunction with the present 
book, form a comprehensive treatise really justifij^ the scope of tlie titlci 
If this supplementary volume Is as well done as Dr. Kopal’s, astronomy 
indeed be indebted to its author, A. i 
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Eaxthi Moon and Planata. By Fred L. Whipple. [Pp. viii + 293, 
with ft*ontwpieco and 140 figures.] (Philadelphia : The Blakiston Co. ; 
London : J. <fe A. Churchill, Ltd., 1946. 18#. net.) 

Talescopea and Acceaaoriea. By George Z. Dimitroff and Jahes G. 
Baker. [Pp. vi -f 809, with frontispiece emd 146 figures.] (Phila- 
delphia : The Blakiston Co. ; London : J. & A. Churchill, Ltd., 1946. 
18^. not.) 

These two volumes in the series of Harvard Books on Astronomy are reprints 
of war-time first editions called for by a well-merited popularity. Both are 
written by members of the staff of the Harvard College Observatory, both 
are intended for the lay reader with an interest in but no specialised knowledge 
of fkstronomy, and both are examples of first-class typography, are printed on 
excellent paper, and are copiously illustrated in a fashion calculated to excite 
the envy of readers used to the “ authorised economy standards ’* of tlie past 
eight years in Great Britain. 

Sartht Moon and Planete is a straightforward descriptive aocoimt of the 
solar gystom os a whole and of its separate components. It is distinguished 
from the usual run of such books by coutaitiing a particularly full description 
of the earth^s status as an astronomical body and of current ideas concerning 
its internal structure. The chapters on the moon include a well-reasoned 
discussion of the origin of lunar craters, and in common with those on the 
separate planets are illustrated with magnificent photograplus, many of them 
previously unpublished. It is perhaps worth notiitg that Wildt*s theory 
identifying tho clouds on Venus with fonnaldohydo lias been withdrawn by 
its author since the first edition of this book was publisliod. Tho great Mars 
controversy lives once again in these pages, though Dr. Whipple can come but 
to the inevitable conclusion on the reality and significance of the canals. 
The lost cliapter on the origin of the Solar System, written before 1941, will 
presumably be modified in future editions tp includo both the observational 
evidence for, non-solar planets and the many recent theories which appear 
to* be giving the non-oatastropluo hypothesis a new lease of life. 

The field covered by Tekaoopea a/nd Acceaaoriea lies much more off the 
beaten track, and its authors are to be congratulated on producing in the 
first book of its kind a very readable aocoimt of instrumental technique in 
astronomy, which is neitlier a compilation of working instructions to the 
amateur building his own telescope nor a mathematical discussion of the 
optical principles involved in astronomical telescopes. The rapid advances 
in this field since the invention of the spectrolieliosoopo, coronagraph and 
Schmidt camera should make this non-technical account (first published in 
1946) a best-seller. The authors have t«dcen a catholic view of their subjeoti 
and have included short discussions of such related topics as the photographic 
process and the physiology of the eve. That their book is up to date is 
attested by the mention of the Maksutov mirror-lens systems, the electron 
mtiitipUer tube, tlie direct-intensity miorophotometer, the interference 
monochromator and the “blooming” process. A particularly valuable 
feature of the book is in three appendices, which are unique in giving data 
concerning the largest reflecting telescopes (SO-in. aperture and over), the 
refractors (16-m. and over), and (though less completely.) the largest 
Schmidt cameras in the world. 

These books are worthy members of a series of which the other volumes 



666 


SCIENCE PROGRESS 


are already gracing the shelvoB of many profosaional astronomerB as well as 
of those amateurs and laymen for which the series was originally conceived. 


A. H. 


Frontiers of Astronomy. By David S. Evans. Sigma Introduc- 
tion to Science No. 1. [Pp. 176, with 8 plates and 47 figures.] 
(Liondon : Sigma Books, Ltd., 1946. 6^. net.) 

It is not an easy task to write an account of any branch of modern science 
wliicli shall at once be simple, accurate and entertaining. Those who are 
familiar with Dr. Evans's work in scientific journalism and in broadcasting 
know that he brings to this task not merely enthusiasm but also considerable 
experience ; and they will not be surprised that he has produced easily the 
best book of its kind on astronomy tliat has appeared for the post twenty 
years. 

In a disarming preface the author annoimces his intention of giving 
** an . . , account in simple terms of the sort of problems with which the 
ordinary working astronomer is concerned.” If for “ astronomer ” one reads 
“ astrophysicist ” there can be no doubt that Dr. Evans succefxis admirably 
in his task. Nor con one cavil at this limitation in view of the title of the 
book : for there is no denying tliat the active fringe of astronomy is 
astrophysics ; and the problems of positional astronomy offer few possibilities 
to the populariser. As for the reader, those with no mathematics or physics 
will find the book profitable (if rather hard) going ; whilst those with sohooh 
leaving mathematics and physics will have no difficulty in bringing themselves 
with its aid right up to date in the methods and results of modem astronomical 
technique. 

Afto a short historical introduction Dr. Evans goes on to a description of 
telescopes and spectrographs ; and, after dismissing* the solar system in 
15 pages, gets down to his real oonoem, the stars and the sun, discussion of 
which takes up more than half his book. In these chapters the general reader 
will find all he cam reasonably expect to know about the stars ; their chemical 
and physical constitutions, dimensions, temperatmes, luminosities, masses, 
etc . ; and, what is more important, he will learn how it is possible to deduce 
this wealth of information &om the rather limited observational resources at 
the astronomer's command. In the process he will have touched on atomic 
theory, the elements of spectroscopy, the Doppler effect, Planck's radiation 
law, and some aspects of nuclear theory — all dealt with in such an entertaining 
fashion that he will have absorbed painlessly a great deal of infonnation 
which will stand him in good stead in other subjects than astrcNaomy. 

The remainder of the book deals with the spatial arrangement of stars in 
our Galaxy and the relation of the Milky Way system to the external galaxies. 
If the treatment here is a trifle summary, at le^t the author has warned the 
reader of the fact in his foreword, and no major topic is left undiscussed. 
Dr. Evans explicitly disowns any concern with the philosophical implications 
of cosmology, and his attitude hero, as elsewhere, is in refreshing reaction 
against the mysticism of certain other popularisations of astronom 5 ^. His 
claim to have represented in this book the point of view of the ordinary 
working astronomer, expressed in suitable language for lay appreciation, Ui 
amply borne out by its contents. 

The book is copiously illustrated by half-tone plates (some indifferently 
reproduced), by informative line diagrams and by a number of drawings 
Victor lieinganum which will excite a variety of oritieisms, but whioh the 
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reviewer finds amusing and not so trivial as might appear at first sight. The 
typography and layout are excellent and the price moderate. If subsequent 
volumes in the Sigma Introductions arc as well planned and well executed 
as this one, the series wifi form a notable addition to the popular literature 
of science. 

A.H. 


PHYSICS 

La Mteanique ondulatoire dea S3rattaiaa de Corpuaoulaa. By 

Loins DB Bboqlib, Membra de I'Institut. [Pp* vi -f 223, with 19 
figures.] (Paris : Gauthier- Villars, 1939. Frs. 250.~) 

The emphasis in this book is placed on the development of quantum mechanics 
for application to many body problems. It is not concerned with the details 
of technique, but with the principles involved. Those are discussed with 
the remarkable clarity which one associates with all l)ooks by Louis do Broglie. 
They are in the best French tradition. 

Wave meclianics is introduce<i via the optical analogy to Heuniltonian 
dynamics. The first chapter recalls to the reader those aspects of tho 
classic^ll theory which are relevant, and in the following chapter wave 
mechanics is introduced. In tho next three chapters tho general application 
to systems of particles is developed. Of special interest is the chapter on the 
theory of the centre of gravity in wave mechanics. Another feature of 
particular interest is the discussion of the formation of Wilson Cloud Chamber 
tracks in terms of the wave moolianical view of a particle or, rather, wavicle. 
A cfiscuBsion of perturbation methods l(:«ds on to Chapters VII and Vin, 
which are concerned with systems of identical particles, in the first instance 
without spin and then with inclusion of spin. Both of these chapters are 
excellent and should be rood by all students of quantum theory. The book 
concludes with a chapter giving tho essential features of a variety of applica- 
tions — the hoinopolar bond, spin multiplicity, nuclear spin, band spectra. 

This book con bo thoroughly recommended to mathematioianB and to 
physicists, both mathematical and experimental. The combination of 
clarity of style and logical presentation makes it not only very stimulating to 
read, but also does not demand of the reader a high technical knowledge of 
mathematics. 

H. S. W. M. 

Protong , Neutrona , Neutrinos . Logons profess^es au College de France. 
By Jacques Solomon, Dr. ds Sc. [Pp. xiii 228, with 28 figures.] 
(Pewis : Gauthier-Villars, 1939. Frs. 250.- net.) 

This work, based on a course of lectures delivered at the College de France 
under tho auspices of the Peocot Foundation during tho 1937-38 session, 
discusses the fundamental properties of protons and neutrons and of their 
mteraotion. 

Chapter I shows how the hypothesis of the neutrino has had to be 
introduced if the conservation laws are to be retained in the process of beta* 
disintegration. The theory of beta-disintegration is developed in some 
detail in Chapter II. In the following chapter the theory of forces between 
the fimdamental nuclear particles is discuss^ and the problem of reconciling 
the magnitude of these forces with the known slow rate of beta<4isintegraition 
is raised. Short chapters on the magnetic moments of proton and neutron 
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ttad on nuclear isomerism follow, and in Chapters VI and VII the author 
returns to the discussion of the very large interaction between fundamental 
nuclear particles. 

The book was published in 1939 and the bulk of it apparently written 
somewhat earlier, so that there is only passing reference to the rdle of the 
meson in the elucidation of the mechanism of the interaction between nuclear 
particles and of the evidence for the existence of the moson obtained from 
cosmic ray experiments. 

The advances made in meson theory since 1939 tend to make the book 
somewhat out of date in this respect, but the reviewer knows of no other 
work in which the theory of beta-disintegration is set out in such clarity. 
In fact, the whole work is distinguished by a clarity of exposition which seems 
to bo characteristic of French monographs on atomic physios. 

The present work is a worthy memorial to its author, who made the 
supreme saorihce when he was executed by the Nazis for his courageous 
activities in the French Resistance Movement, 

E.H.S.B. 

Introduction to Electron Optics. The Production, Propagation and 
Focusing of Electron Beams. By V. E. Cosslbtt, M.A., M.So., Ph.D. 
[Pp. xii 4- 272, with 8 plates and 165 figures,] (Oxford : at the 
Clarendon Press, 1946. 20^. net.) 

Physicists and engineers were faced with problems of electron dynamics 
ever since the classical discoveries of J. J. Thomson in 1897. But progress 
was so much hampered by the somewhat clumsy methods of particle dynamics 
tliat in the thirty years before 1927 only one instrument was invented of the 
class which we now call “ electron optical ” i Aston’s Mass Bpeotrograph. 
Braun’s tube was used in physical laboratories in 1927 in almost the same 
form in which it was left by Braun in 1896 and by Wiechert in 1899. When 
in 1920 Hans Busch discovered the lens properties of the “ concentrating 
coil ” and drew attention to the almost forgotten Hamiltonian analogy of 
dynamics aUd optics, physicists and engineers had at last the new ** thinking 
tool ” which they so badly needed, and the way to progress was open. In 
the next ten years the old Braun tube metamorphosed into the modem 
cathode ray oscillograph and television tube, tlie electron miorosoope was 
bom, and countless other electronic devices wore invented or at least re^cally 
improved by the application of optical principles. As early as 1934 Briiohe 
and Scherzer wrote the first textbook of electron optics, to be followed by 
many others. 

The new book by Dr. Cosslett, well known as a research worker and as 
an experienced teacher, differs from its precursors by being the first textbook 
written primarily for the student, and not for the research physicist or 
engineer. It fulfils its didactical purpose admirably. The book can be read 
with profit by any student with a knowledge of the elements of physios and 
of the calculus, without any previous acquaintance with electronics. It will 
be somewhat less useful to the specialist, as it does not claim to be more than 
an introduction^ and in many cases stops somewhat short of the present-day 
frontiers of research. But it would have been fhtiie to attempt more in 
a book of 272 pages without using condensed or advanced methods irhich 
would have put it outside the reach of most students. 

The first two-thirds of the book contain an elementary but thorough 
explanation of the production of free electrons and their dyinamios in cMSecting 
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and focusing fields. Graphical^ numerical model and e]q> 0 riinenial methods 
of field determination and ray tracing are emphasised at the expense of 
analytical methods. The last third oontams a discussion of eleotron^optical 
devices, ranging over the whole field of cathode ray tubes, electron micro- 
scopes, diffraction cameras, velocity and mass spectrographs, particle 
accelerators and electron valves of all types, which can serve of course as 
a first introduction only. The volume is closed by a short exposition of the 
Hamiltonian Method, which is exemplary in its conciseness and clarity emd 
makes one wish that the author had made more use of these advanced methods 
in the rest of his book. 

There are a few notable omissions, such as the absence of discussions of 
intensity and space charge problems, and a few minor mistakes, but none of 
them is likely to mislead the student seriously. The book is generously 
illustrated, and is likely to achieve the wide circulation which it deserves. 

D. Gabor. 

PrinoiplM of Radar. By Members of the Btaff of the Radar School, 
Massachusetts Institute of Technology. Second edition. [Pp. 887, 
with 666 figures.] (New York and London : McGraw-Hill Book Co., 
Inc., 1946. 25s. net.) 

This book is imdoubtedly a very valuable compendium of information on the 
most important aspects of radar technique. It is copiously illustrated and 
contains a fund of practical detail which should be of great assistance to 
students and workers in this field. 

The book is designed as a reference text for use in the training of American 
Army and Navy personnel. This is reflected in the manner of dealing with 
much of the subject matter. Practical considerations are specially empha- 
sised and there is a tendency to avoid, where possible, mathematical analysis 
of a problem, even when the alternative is distinctly more cumbersome and 
sometimes less precise. As a first approach to the study of radar the book 
has, nevertheless, great merit, and introduces with admirable clarity the 
essential ideas exploited for this piupose. Only if the reader looks for a 
detailed theoretioal treatment of the principles involved will he be 
disappointed. 

Having presented a general picture of what radar sets out to do, considera- 
tion is given to the systems by which the required results may be achieved. 
The various circuit components are then examined in oonsidetrabie detaiL 
Timing devices, indicators, receivers, magnetrons, modulators, triode trans- 
mitters, radio-froquonoy lines, radar antennas and propagation, wave-guides < 
and cavity resonators, transmit-receive devices, synchros and servo-mech- 
anisms, am each dealt with in turn. 

For this second edition a number of chapters have been largely re-written 
and are tauoh improved thereby. In Chapter II> however, there seems to 
be come bonlusion between electromotive force and fall of potential, the signs 
of these quantities being used somewhat arbitrarily. Thus, for a condenser 
circuit the current is negative when the rate of change of potential 
across its terminals is positive. This is not made clear in the relationships 
given, for example, on page 2.SI. Only one chapter has a bibliography. 
The others might usefully have fi)llowed this example. 

Whatever the limitations of this book in regard to theoretioal treatment, 
^ere can be no doubt that it meets very adequately a real need among more 
piaCtloal workers* The editors, too, are to be oongratuiated on having 
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avoided the production of a disiointed oollection of worka^ which happens not 
infrequently when, as in tliis case, a number of different authors have 
subscribed. 

H. M. Barlow. 

Antezmse : An Introduction to their Theory. By J. Aharoni. 

[Pp. viii -I- 265, with 149 figures.] (Oxford : at the Clarendon Press, 

1946. 25s. net.) 

Every wireless aerial may be thought of from two points of view. In the 
one we try to relate the nature of the radiated or received field to the current 
in the wire and to deduce its pro|>ortios as a radiator ; and in the other wo 
try to determine the current and potential variations at the input terminals 
of the aerial, and to deduce its behaviour as a circuit element. Wluohevor 
view intorosts us we desire to know in detail the magnitudes and distributions 
of the current and potential along the wire. Most engineers have assumed, 
with little or no proof, that an aerial beViaves like a transmission line with a 
distributed inductance and capacity per imit length which is constant along 
the wire, from which it follows that the current would bo distributed sinu- 
soidally. From the earliest days of wireless transmission, however, theoretical 
workers have souglit to investigate the matter with full mathematical rigour, 
and, because the theory is necessarily complicated, their papers have not 
easily been understood by physicists and engineers. The theoretical methods 
used can bo divided into (a) those which consider the field equations with 
boundary conditions appropriate to the aerial (Abraham), (6) those in which 
the conditions to be satisfied by the c^rial current are vnritten down as an 
integral equation (Hallen, King) and (c) those in which transmission-iin# 
theory is used with critical care to give a good approximation to the case of an 
aerial (Shelkunoff). 

Mr. Aharoni ’b book provides an excellent account of those methods and 
shows how they are related to each other. The book will be most valuable to 
those physicists and engineers who, although able to follow quite complicated 
mathematical arguments, are not primarily theorotioiana, and it will provide 
a much-needed addition to their libraries. The author has selected his 
material admirably for readers of this kind, and it is clear that he has much 
experience of teaching mathematics to physicists and engineers. He ejqplains 
very fully and clearly how the underlying physical principles are inooxporated 
in the equations and he then shows, with just the proper choice of detail, how 
results of value are deduced from those equatiomt. Where his judgment 
shows up so clearly is that he does not allow himself to become unduly 
immersed in the purely mathematical manipulations which the physicist finds 
of little interest. For example, he devotes about ten pages (31-41) to a 
detailed account of the vector relations in some simple types of wave, but 
assunnes that we know all about such things as Hankel functions and Legendre 
functions. This is just what is required by the majority of physieiste and 
engineers, who are ready to accept the purely manipulative analysie, but who 
wish to see how their fundamental ideas are embodied in the original 
expressions. 

The author does not attempt to deal with those num^^ous other matters 
of aerial theory which lie outside the range indicated above. In particular 
he does not deal with mioro-wavo aerials, and his treatment of the radiation 
diagrams of aerial arrays, their reciprocal properties, and the properties of 
toavelhng wave aerials, is much less detailed than his treatment of “ alanding 
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wave aerials oonsid^ied as oirouit elements. It is largely this restriction to 
the more diiBcult and leBS-woll-known aspects of the problem which make the 
book so valuable. It can be highly recommended to all serious students of 
aerials. 

J. A. Eatcliffb. 

Piezoelectricity. An Introduction to the Theory and Applicatione 
of Electromechanical Phenomena in Crystals . By W. G. Cady, 
Ph.D., Sc.D. [Pp. xxiii -f 806, with frontispiece and 168 figures.] 
(London : McGraw-Hill Publishing Co., Ltd., 1946. 45«. not.) 

Thb additional spur of a struggle for national survival presumably accounts 
for the many scion tific and technical advances which originate with wartime 
activities. Piezoelectricity provides one example, discovered in 1880 by the 
brothers Curie, the phenomenon remained more or less a scientific curiosity 
for nearly forty years until Langevin produced ultrasonic waves in water and 
detected their reflection from submerged objects. 

With the availability of the thermionic valve, development forged ahead, 
and it would have to bo a long list whicli would include all present-day 
applications of piezoelectric proj>erties ; mention of only a few is enough to 
indicate their diversity. Piezoelectricity now forms the basis of the most 
accurate clocks, of which the daily drift has been reduced to less than one 
part in 10'® ; its use has improved beyond all comparison the measurement 
of the depth of the sea bod ; it is much involvcxi in modern telecommunications 
and forms the basis of standard ra<iio-£i'6quenoy control. 

This widespread practical use of piezoelectricity has stimulated corre- 
spondingly extensive research and Cady, who has been closely associated with 
this subject since the Great War |)eriod, has now prt)sentod this comprehensive 
treatise, covering the entiix^ field of piezoelectricity and some other closely 
related branches of crystal physics. There is a limited introduction to 
crystallography, followed by a consideration of the theory of elasticity as 
applied to ^l crystal groups. The transformation relations for the elastic 
constants, to correspond with the rotated axes of crystal slices out obliquely 
to the usual crystallographic axes, should prove useful in view of the 
prevalence of “ oblique cuts,'’ 

Naturally a study of all the possible modes of vibrations of crystal outs is 
essential and the extent of their number and the possibility of their coupling 
contributes to both “ the complexity of the experiment and the perplexity 
of the experimenter.” Piezoelectricity in particular, and the associated 
physical properties, e.g. elasticity, polarisation, pyroelectricity, etc., are fully 
oonsidered for all crystals, but naturally, throughout the book, particular 
stress is laid upon quartz and roohelie salt, because their properties have 
been so much more fully investigated. The piezo resonator and its equivalent 
electric oirouit and the piezo oscillator all receive very full attention, but only 
a limited space is devoted to their applications. 

Eochelle salt exhibits unusual dielectric properties along one axis, display- 
ing hysteresis within a small temperature range, which includes “room 
temperatures ” and which is limited, borrowing a title from magnetism, by 
two “ Curie points,” This naturally excites special interest, and a very 
extensive account is included of this and other ” Seignette ” crystals, and of 
the theories of this ferromagnetic analogous property. 

All sections contain results of many practical measurements and a Ubetil 
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distribution of referonoes, which are in the main gathered at the end into one 
general bibliography of both books and periodicals. 

The book will appeal as a very useful source of reference to all interested 
in crystal physios and to those with whoso work the applications of pie*o- 
electrioity are associated, whilst its production maintains the excellent 
standard which we liave been trained to expect. It is a valuable addition to 
the International Series. 

R. E. G. 

X-Baya in Baseaxoh and Induueitry. By H. Hibst, Nat. Phil. D., 
B.Sc. (Eng.), A.M.I.E.E., F.Inst.P, Second edition. [Pp. viii -f- 124, 
with 82 figures.] (London ; Chapman & Hall, Ltd., 1946. 13s. 6d. net.) 

The book contains the substance of a series of lectures delivered by its author 
before the Melbourne University Metallurgical Society in 1941. The first 
edition was published in Australia, and met with sufficient success to warrant 
the publication of a new edition in tliis country. After a slight introduction, 
in which the author deals with the production and properties of X-rays and 
the structure of crystals in seventeen pages, the book proceeds to give an 
account of the principal methods employed in X-ray analysis and to discuss 
exeunples of the applications of those methods with particular reference to 
metallurgical problems. The emphasis is on the practical and technical 
aspects of the subject, and there is a very helpful account of the various 
devices, mechanical and mathematical, which have been worked out by 
various authors for facilitating the interpretation of the observed spectra. 
The beginner will find the completely worked out examples included in the 
book particularly useful guides to his work. 

The final section, in wliich the author attempts to cover the field of 
industrial radiography in only twenty-four pages, contains a few usefhl hints 
to the uninitiated, but is too brief to servo as more than a preliminary 
introduction to the subject. 

The physicist with a good theoretical background, but no technical 
experience in the application of X-rays to industrial problems, will find 
Dr. Hirst a useful guide in the preliminary stages of his work. The infor- 
mation compressed into this small book will certainly not convert him into 
a fully fiedged X-ray analyst, but it will help him over the difficult and 
puzasling preliminary stages. The well-selected bibliography provided will 
put him in touch with further B 0 tu* 06 s of information. 

j. A. a 

Pxinciplea of Taoknioal Elactiioity. 3y M. Nxlkok, B.So., A.K.O. 
[Pp. viii -f- 240, with 190 figures.] (London and Glasgow : Blaokio 
A Bon, Ltd., 1946. 17s. 6d. net.) 

This book is intended for first-year electrical engineering and radio students. 
The most successful chapters are undoubtedly those (XlV-XVni) containing 
a clear and straightforward trektnoient of the elements of A.C. I^boory. The 
simple mathematics of the main text is supplemented by occasional use oif the 
calculus in additional paragraphs not essential to a student approaching the 
subject for the first time. The rest of the book follows conventionf^i linef^ 
and the treatment is apt to be superficial. The thoughtfhl student trill not 
be satisfied with Chapter IV (primary cells and accumulator). The coUrMtion 
between E.M.F. and transformation of energy is not mi^ clear f liN 
Structions for the use of the P.O. Box omit severil hUpbrierit |k^ ; the 
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section on the D.C. potentiometer could be extended with advantage ; the 
charging of an ebonite rod is ascribed to friction ; some formuhe (e.g. 
C »» A/ll*3d. fAfi¥) are introduced with mysterious factors which are not 
explained. 

There are some rather sweeping statements, but few actual mistakes 
(e«g. Fig. 12 on page 222 is wrong). 

A' good feature is the inclusion of helpful worked examples in the text. 
There are questions at the end of each oliapter, with answers, and an adequate 
index. The illustrations ore clear and the book well produced by present 
standards, but the price is high, which is a pity, since the students for whom 
it was written would wish to possess the chapters on A.C. theory, at least. 

F. A. V. 

Analytical Experimental Physios. By Habvby Braob Lkmon and 
Miohaul Fkrence, Jb. Second edition. [Pp. xvi f 612, with 684 
figures and 66 plates.] (U.S.A. : University of Chicago Press ; Great 
Britain cuid Ireland ; Cambridge University Press, 1946. Be Luxe 
edition, 44^. ; Trade edition, 33«. net.) 

This is the most luxurious elementary tt^xtbook of pj^j'-sios which the reviewer 
has over handled. Clearly printed on bast-quality paper, with pages nearly 
12 in. by 9 in. and with wide margins for notes, well bound and profusely 
illustrated, the book delights the eye, though tiros the hands if held in them. 
The standard is approximately that of H.S.C., though wider in scope and 
not so detailed in places. The book could bo used witli groat profit by 
Intermediate B.Sc., First M.B., University Scholarship oandidates and First- 
Year Degree Students, with appropriate selection where necessary. The text 
is clear, and the slips and obscuritieB remarkably few. The main section 
headings are : Mechanics ; Heat ; Electricity and Magnetism ; Wave 
Motion, Sound and Light. Within these divisions many subjects are treated, 
though very briefly in some oases. 

Ilie book has been revised carefully for the new edition, and about 
twenty -four new pages added to make room for more extended treatments 
of Sttomic and nuclear physios, high-frequency radio, etc. Not all the e^ldi- 
tidns are in the exciting and fashionable branches of physics ; e,g. there is 
new material on hygrometry and the properties of dilute solutions. The 
whole book is now thoroughly up-to-date — for example, the table of Dis- 
tribution of Electrons in the Elements extends to Atomic Number 96. 

Many of the plates are taken from cinematograph pictures of experiments 
in progress. Some of them, unfortunately, are not very clear, but the idea 
is an excdlent one. There ore scattered throughout the text various queries 
for students to pimder over, and collections of examples at the end of each 
chapter. A mathematical appendix deals with such topics as elementary 
oaleuius and simple determinants. There is a good index. 

What more could a student want ? Enough money to buy the book, and 
a reference library at hand (or good teacher) to find out more about many 
of the topics treated briefly by Lemon and Ference ! F. A. V. 

AoQiMtioa for Ax^chitecta. By E. O. Ezohabdson, B.A., Ph.D.» D.Sq. 
[Pp. 90, with 29 figures.] (London ; Edward Arnold & Co., 1946. 
6s. net.) 

This unpretentious little book gives a clear and readable account of the 
fundamenjAl principles of design, baaed on courses of lectures given to students 
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of Arohiteoture by the Author. It deals with the problems of reverberation, 
distribution of intensity and insulation, and containe a ohapter on the correc- 
tion of acoustic defects by the use of microphone and loudspeakers. 

It seems imfortunate that, in discussing the importance of adequate 
loudness, the accepted unit, the phon, is relegated to a footnote and that its 
relation to the decibel is nowhere indicated. There is an obvious misprint 
on page 62, where “ If tw sound, etc.” should read “ If a sound, etc.,” and 
on page 68 the sound insulation is stated to be proportional to the weight of 
the partition per unit area instead of to the logarithm of the weight, as the 
diagram rightly shows. 

A good selection of standard data for coefficients of absorption is given, 
emd the diagrams illustrating the clmpter on acoustic insulation are particu- 
larly clear and convincing. No attempt is made to deal adequately with the 
more specialised problems of cu^oiistic design, and indeed this intention is 
expressly disclaimed by the author in his preface, but as a concise account of 
principles and a useful collection of practical hints the book is to be warmly 
recommended. 

Alex. Wood. 

Building and Structural Tables : For Architects, Builders and 
Engineers. By Fbedebick Hyde Blake, B.Sc. (Eng.), M.I.C.E., 
M.I.Struct.E. [Pp. xii + 239.] (London : Chapman & Hall, Ltd., 
1947. 21/t. net.) 

This book presents in convenient form the data most frequently required in 
the design and construction of buildings. The information has been grouped 
by subjects, namely, Roofs : Walls, Floors and Beams ; Floors ; Beams ; 
Foundations ; Services and Fittings ; General Tables (relating to Mensura- 
tion, Trigonometrical functions, etc.). There are 194 tables in all, giving 
useful information relating to weights, etc., of typical roof constructions, 
data concerning concrete, timber, brick, floor Wishes, metals, etc., etc. 
Table 93 gives an extremely comprehensive list of weights of building materials, 
which should be very us^l to designers. The door section contains tables 
giving the safe distributed loads for various spans in the ease of solid rein* 
forced concrete slabs, hollow- tile doors and dller joist doors. These tables 
make it possible (except for complicated designs) for the designer to read 
off directly the thicknesses of slabs and amoimts of steel reinforoement. In 
this way much time may be saved which would otherwise be spent in making 
calculations. 

Useful design formulaa, bending moment coefficients, etc., are inserted at 
appropriate places; and extracts from oiurent Building Codas of Pmotice, 
reports, by-laws and British Standard Specldcations are given. It is evident 
that the author has spared no pains to make his information as up-to-date and 
accurate as possible. A notable feature of the book is that information is 
collected in one volume which normally would have to be searched for in 
many works of reference, building by-laws, etc. 

The book can be recommended as a valuable addition to the books of 
reference of anyone concerned with the design and construction of buildings. 

W. M. 
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A CcHiTM of Beinloi^ood Conorote Doo%n. By Thomab J. Bbay, 
M.I.Stnict.E., MJnst.B.E. [Pp. viii and 216, with 76 figures and 25 
charts.] (London : Gliapman A Hall, Ltd., 1946. 26s. not.) 

The author, who is a past lecturer to Derby Technical College, states in his 
preface that the book consists of amplified lecture notes. It is presented for 
use as a text book for students and a reference book for the yotmg structural 
engineer. A very large field is covered, including principles of design of flat 
slab construction, culverts, tanks, hoppers, domed slabs, retaining walls, etc. 
Detailed discussion of each of these subjects is impossible in a work of this 
size and the author’s treatment, therefore, is of necessity brief. For this 
reason, the book is perhaps more useful to the student who already lias a 
little knowledge of the subject tlian to the absolute beginner. 

A few worked examples are given in the text to illustrate principles of 
design, but, in common with the majority of books on Reinforced Concrete, 
no examples are given at the end of the chapters for the exercise of the 
students^ knowledge. The charts at tJie end of the book arc provided to 
simplify design, and these, together with the formuloe for structures such as 
hoppers and tanks, should prove valuable for reference purposes. 

In general the author bases his treatment and pennissible stresses on the 
Code of Practice for Reinforced Concrete (Building Research Board), in which 
case some exjilanation is perhaps desirable for the departure from Code 
Principles* in the treatment of axially loaded columns. Tlie Code permits a 
stress of 13,600 lb, per sq. in. for the steel, whilst the author gives the more 
orthodox value of the concrete stress multiplied by the modular ratio. 

It appears tliat ati error has been made by the author in his treatment 
of compression reinforcement for beams. The increased resistance provided 
by the compression steel area (A) is given in the author’s symbols as 
Afc(m — 1). Jc is taken as the maximum oomprosstve stress in the concrete, 
whereas it should have been taken as the stress at the level of the steel. If 
the author for some reason deliberately usoil the maximum stress, he should 
have explained and justified tliis departure from normal design. Such 
treatment as this can prove very confusing to the student. 

The book, including the many diagrams and charts, is very well produced. 

W. M. 


CHEMISTRY 

Goneral Chmxoimtry. By Eugibnx P. Sohoch, William A. Felbing, and 
Obobgk W. Watt, Second edition. [Pp. xiv 640, with 150 
figures,] (New York and London : McGraw-Hill Publishing Co., Ltd., 
1946, 20^. net.) 

This volume, presenting as it does the course of chemistry given to freshmen 
stu4ents at the University of Texas, will appear somewhat unusual to the 
majority of readers in this country. This has become even more marked in 
this second edition, which has been entirely rewritten so as to include brief 
references to the most modem ospoota of the subject. Assuming no previous 
knowledge of the subject it includes not only a summary of the more 
elementary aspects of chemiatry, but ako a brief mention of such subjects 
os atomic numbers and atomic structure, nuclear chemistry, and colloids. 
It concludes with four chi^pters on organic chemistry, which rimtoh over this 
subject from the very simplest compounds to carbohydrates, proteins, vita- 
mins, and synthetic organic products. It is clearly evident that this does not 
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permit the detailed disomsion of each subject, and paTtioulariy of those of 
fundamental importance, normally to bo found in an elementary textbook, 
nor does it include the methods of preparation and other facts relating to 
many of the common compounds generally studied in early stages. The 
layout of the book, however, is refreshing, and it will bo interesting to anyone 
who desires to obtain a broad outline of the subject, without necessarily 
obtaining a complete understanding of it, and who is content to seek elsewhere 
for the more detailed infonnation, even on elementary points, which he may 
require. 

J. W. 8. 

Ihorgaxiic Syntheaea. Vol. 11. Editor-in-Chiof, W. C. Febkemxts. 
[Pp. xii -f 293, with 25 figures.] (New York and London : McGraw- 
Hill Book Co., Inc., 1946. 20s. net.) 

DtraiKO recent times inorganic chemistry has undergone a profotmd transi- 
tion. Nowadays all mo<lem developments of physics and chemistry find 
application in what was at one period essentially a descriptive branch of 
science. It follows, therefore, that inorganic substances present for the 
research worker problems of infinite variety and open up now fields of inqxiiry 
for their more complete understfiuiding. Furthermore, it is generally recog- 
nised that, for the successful teaching of chemistry, theoretical knowledge 
must rest on a firm foundation of experiment. In the laboratory the student 
finds in inorganic preparations a wide range of interesting chemical reactions 
calling for experimental skill of a high order. The need for a publication 
which would give the research worker and the undergraduate detailed and 
tested methods for the synthesis of inorganic compounds has long been felt. 
Tlio appearance of Inorganic Syntheses, Vol. I, was widely welcomed and the 
publioation of Vol. 11 eagerly awaited. The new volume is most attractively 
produced cuid can be warmly and unreservedly recommended. In the eight 
chapters the £ditor-in -Chief and his associates have brought together a 
selection of preparations of unusual interest, including rare earths, co-ordina- 
tion compounds of chromium and platimuu, metal carbonyls and acetyl- 
acetonat^. A feature of particular value is the general summaries which 
precede a number of closely related syntheses. The book is arranged in 
chapters numbered according to the periodic classification, but the l^tor- 
in-Chief points out that, since every chemical compound consists of at least 
two elements, the inclusion of any synthesis in a given chapter on the basis 
of the periodic table is somewhat arbitrary. Serious consideration has been 
given to the question of nomenclature, and in the Appendix to Vol. II there 
are notes on the sj^tem which it has been decided to adopt. An example of 
the application of the system is that beryllium acetylaoetonate becomes 
(2, 4-pentahedi6no) beryllium. A nuihber of admirable diagrams 
enridh the text of this book, and both contributors and publisher mdst be 
congratulated on making available a splendid book Which every chemist will 
wish to possess. * 

W. WAEDIiaW. 

Metallurgical Matariala, AUoya and Manufacturing ProccaacA. 

By V. N. Wood, A.H.I.B.F. [Pp. xii -f- 340, with 287 figures^ 
including 33 plates.] (London i Chapman A Hall, hid*, 1946. 
26s. net.) 

Tax recent inauguration of the Institution of has iadped to 
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emphasiae the need for training on a broader basis and with due regard for 
anoillary sciences. Progrosaive educational institutions, already alive to this* 
have been reorganisuig their metallurgical courses to facilitate* in particular, 
the study of structures and properties of metals and alloys with the aid of the 
theories of crystal chemistry and of the physics of solicte. Industrial metal- 
lurgists, keen to apply recent developments and discoveries, have also to 
concern themselves with day-to-day problems of operating established 
processes. 

A now book on metallurgy with an omnibus title is therefore bound to 
arouse some interest. Tlio reader will probably bo disappointed to find the 
writer refraining as far as possible from tnoluding too advanecHi inetallorgioal 
data and theories.*’ A fairly extensive but incomplete aoooimt of industrial 
processes is given, but one feels that an attempt h^ been made to deal with 
too much material in too small a space and with too superficial a treatment. 

A book designed for metallurgical and engineering students should cer- 
tainly bo reliable as far as fundamental physical metallurgy is concomed. 
One finds an alloy defined (p. 137) as : “A solution, when the constituents 
are in the liquid state, and a solid solution when the constituents are solid or 
frozen ” ; this is followed by an example in which the freezing of brine is 
said to result in * ‘ a solid solution of salt and water I ’ ’ Solidified lead -antimony 
eutectic is described (p, 140) as a ** solid solution ” and one encounters (p. 143) 
such expressions as “ a solid solution of austenite ” and “ a solid solution 
known a« cemontite — FogC and containing 6*67 per cent, carbon.” Errors more 
easily corrected are the statement (p. 261) tliat alpha- beta brasses ” eontain 
between 46 and 49 per cent, zinc ” and the designation that Fig. 247 (Plate 
XXV) is a photomicrograph showing an alpha-beta structure in cast aluminium 
bronze. Although the earlier treatment of the theory of alloy constitutional 
diagrams is brief and vague, in following sections statements like ** it is 
obvious from the equilibrium diagram ” are often made. 

The chapters dealing with manufacturing processes are profusely ilhis- 
trated with photographs of plant, but there are few cross-references from 
text to appropriate illustration, and one finds surprismgly little attention 
given to foundry metallurgy. Tlie volume is well-bound and attractively 
produced. 

C. E. Bkykon. 

Characterisatlcm of Organic Compounds. ByF. Wiu>,M.A., Ph.D., 
F.R.I.C. [Pp. viu -f 806, with 1 1 figures,] (Cambridge ; At the 
University Ihress, 1947. 18^. net.) 

Thb importance of the characterisation of organic compounds, both old and 
new, to imdergraduate students and research workers alike, has been over- 
looked all too frequently in the past and a comprehensive treatment of this 
subject is long overdue. This book begins with a discussion of the reasons 
luiderlying the selection of the most suitable reagent for oharactoriaation 
purposes, and there follows a brief chapter on the general qualitative examina- 
tion of organio compounds and the separation of mixtures. The preparation 
of derivatives of the more important groups of arganic compounds, e.g. 
hydrocarbons, halides, hydroxyl-containmg compounds, carbonyl com- 
pounds, acids, anuues, etc., is then discussed. The author has given adequate 
accounts of most of the methods available (up to the end of 1943), noting 
their limitations, ample refarenoes to original papers are provided, oompre- 
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hensive melting^pcnnt tables for a wide variety of derivatives have been 
drawn up, and a notable feature is the provision of full experimental details 
for the preparation of all the necessary reagents. Author and subject indexes 
occupy some'^29 pages. 

In its general conception and in its scope, and in most res})ecta in its 
detailed treatment of the subject matter, this work is highly to be commended, 
but the reviewer feels compelled to make certain criticisms, mainly however 
with reference to presentation rather than factual content. In connection 
with the latter the omission of ethylenic (and possibly acetylenic) hydro- 
carbons from the appropriate chapter is undoubtedly serious, more emphasis 
should have been given to polyfunctional substances, and notes on regenera- 
tion from derivatives would have been useful. 

The presence of a multiplicity of errors and inconsistencies, especially in 
nomenclature, and ill-considered speusing of formulse and equations tlu'oughout, 
which, although possibly not seriously detrimental to the usefulness of this 
book, are none the less irritating to the reader, particularly at a time when 
the presentation of scientific works has in general reached such a liigh standard. 
It is regrettable that the author did not apparently seek advice on the subject 
of nomenclature, or at any rate follow one of the standard systems, and also 
that he chose to employ the grotesquely unfamiliar abbreviations for refer- 
aiees as recommended in the World List of Sci^fUifio Periodicals. 

E. K. H. JoNBS. 


Plastics lor Production. By Paul I. Smith. [Pp. xvi + 216, with 
13 plates.] (London : Chapman & Hall, Ltd., 1946. 15^. net.) 

This is the second edition of a book intended for those who are interested 
in the use of plastics in industry. It makes no attempt to describe the 
methods of manufacture of the various plastics, and indeed the time has long 
passed when any one person could claim sufaoient knowledge of the industry 
to cover such ground adequately. Small articles are often made entirely 
from plastic materia]^, but more often plastics are used to make components 
for an assembly which may include metals, wood and other materials of con- 
struction. The fundamental property of an industrial plastic is, of course, 
its capability of being shaped during manufacture, but hsually some other 
property or combination of properties is required, such as cheapness, tough- 
ness, high or low softening point, transparency, good colour, resistance to 
moisture or resistance to various chemical reagents. To guide the manu- 
facturer in the choice of a plastic the author has collected in this volume 
data for the various materials available to the manufacturer of articles, and 
the result is a good work of reference, whose value is increased by the author's 
sober and balanced point of view. There are here no fanciful dreams of a 
plastic age, but a sensible description of plastic materials, in which their 
defects and limitations are mentioned as well os their advantages. 

The book is not entirely without daws. Some of the definitions in the 
glossary are too narrow. For example, under '' Casting " there is no mention 
of film manufacture. ** Nitration ** and '' Acetylation " are not necessarily 
processes applied to cellulose. Syni^tic Resin *’ is described as ** a syn- 
thetic thermosetting resin which becomes hard and infusible after b«^ng 
properly cured by heat and preasure.** Apart from ita resemblance to the 
classic definiticm of an archdeacon, the definition is wrong in limiting the term 
to the thermosetting resins. It is also somewhat of a thock to read a sectian 
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on cellulose esters (p. 19) in which there is no mention of cellulose nitrate 
plastic. On page 24 a note on the American production of acrylic resins has 
slipped into the section on polystyrene resins. The glossary might well be 
revised before a third edition is prepared. On the whole, however, the book 
is highly recommended and will be useful not only to those who use plastics, 
but also to those who manufacture them and require a liandy book of 
reference. 

F. S. 

The Dyeing o! Textile Fibres. By B. S. Horsfall, M.Sc., and L. G. 
Lawbie, A.R.I.C. SfM^ond edition. [Pp. x H 438.] (London : Chap- 
man & Hall, Lkl., 1946. 25#. net.) 

The first edition of this book was published in 1927. 8’mo§ then there have 

been remarkable advances in knowledge of the stnicturo and properties of 
textile fibres, in the production of new and improved rayons, in tlie develop- 
ment of new dyes and in general understanding of the mechanism of dyeing 
processes. It is not surprising, therefore, that the authors, in preparing the 
second edition of the book, should have enlisted the services of fourteen 
spooialists as collaborators. The advaiitages and disadvantages of this 
arrangement are at once obvious to the reader. Each chapttn* has been 
modernised and each is authoritative, but there are disconcerting differences 
in style ; the different authors seem to have written for different types of 
reader and their work has not Iwen fully eo-ordinatf^l. Chapter HI, for 
example, is a model of clarity, suitable for either student or experienced dyer, 
but other cliaptei’s seem to have boon written more for the dyer than the 
student. The autlior of Chapter IV, dealing witli the dyeing of cotton, 
mentions the Hussong machine without oxphmation on p. 100, whereas the 
author of Chapter IX, dealing with the dyeing of wool, describes the machine 
in fair detail on p, 266. Similarly, although about ono-quarter of the book 
is devoted to cotton, the fonnula oC cellulose is nowhere given or ustnl, whereas, 
in Chapter VII, the constitution of wool is freely used in discussing its 
behaviour in various processes. Nine chapters are without references to 
origined papers, though the deficiency is made good, to some extent, by the 
bibliography at the end of the book ; six chapters contain rofcronces, though 
a standard system has not been adopted, and Peirce’s name is always incor- 
rectly spelt. Those inconsistencies, and minor errors which hurt, such as 
the use of “ Twaddle ” for Twaddell ” on p. 99, mixst not, however, be over- 
emphasised. Every type of reader will find much of groat value in the book, 
which will, no doubt, come to be accepted os a standard text-book on the 
dyeing of textile fibres. 

J. B. Spkajcman. 

Aai lutroduotioii to Agricultural Chemistry. By N- M. Coiiber, 
D.Sc., A.R.C.S., F.R.I.C., H. T. Jones, M.Sc., A.RJ.C., and J. S. 
WiLLCOX, B.Sc., A.R.I.C. [Pp. viii 4- 315, with 24 figures.] (London : 
Edward Arnol4 & Co., 1947. 8#. 6d. net.) 

The appearance of a textbodk on any branch of agricultural chemistry is 
somewhat of an event, since so few have been written on this important side 
of food production. The present volume is, therefore, a welcome addition 
to the library of agricultural science textbooks. It is intended primarily for 
** students reading for degrees and diplomas in agriculture,” and in this 
luspeot the authors have succeeded in producing a useful book. 

pp 
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It is divided into three parts, the first of which, entitled “ Soil/* is really 
Professor Comber’s book An Introduction to the Sdentifie Study of the SoU, 
rewritten in an abridged and slightlj^’ modified form. In a readable and 
simple manner are set out the chief properties of soil and the main chemical, 
physical and biological processovs which occur in a soil, and attention is drawn 
to the importance of properly conducted field and pot experiments. A brief 
account is also given of the formation and classification of soils. The second 
part is devoted to the principles of manuring and to the properties of the 
common organic manur^^s and artificial fertilisers. It is regrettable tliat this 
section shoiild have been dealt with rather suimnarily and with few tables 
or examples of actual fertiliser trials to supplement the text. In the third 
and largest piirt, “ Animal Nutrition/* a good knowledge of biochemistry is 
assumed, especially as regards structural formula, in the chemistry of pro- 
teins, carbohydrates and vitamins. Metabolism is treated as ftilly as might 
be expected in a textbook on animal physiology, and would appear to be 
more advanced than is normally requireci for agricultural chemistry students. 
Included in this section is a short chapter on dairy chemistry. This is not 
an unimportant part of a course on agricultural chemistry, arid it is therefore 
surprising to find no mention of the factors causing variations in the compoisu- 
tion of milk, the use of the freezing-point depression and the Hortvet oryo- 
scope, or the legal limits for the fat and solids -not-fkt contents of milk. 

The autl^ors state that a chapter on insecticides and fungicides was pre- 
pared, but was not included since it might soon be out of date. There is, 
therefore, no mention of the chemistry of sprays, dusts, dips, weed-killers, 
fumigants, soil sterilisers, detergents or water, ell of which usually come under 
the heading of “ agricultural chemistry.** 

There are some differences in style, and in the methods of presenting 
formuke and equations, in the three sections, which give the impression that 
publication may perhaps have been hurried. Nevertheless, this book will 
be a great help to diploma students, and in later editions possibly sufficient 
space may be found to deal adequately with the chemistry of milk, inaeotioides, 
fungicides, and such other common materials as are used in agriculture. 

A. W. M. 


The Nation's Food ; A Survey of Scientific Data. Edited for the 
Society of Chemical Industry (Food Group) by A. L. BACaAnaoH, 
M.A., F.R.I.C., and T. RsmoLS, F.R.I.C. [1^. xviii -f 849, with 
4 plates and 12 figures.] (London : Society of Chemical Industry, 
1946. 18s. net.) 

Anvokic unfamiliar with the papers which are the basis of this book would be 
surprised how absorbingly interesting it is. The volume opens up quite a 
new world of interesting, and most important, questions, many of whiOh are 
posed in a stimulating introduction penned by the late Sir Joseph 
Barcroft, Chairman of the Food Investigation Board. And when all is read, 
marked, learned and inwardly digested, as Sir Joseph quotes from a shrewd 
observation of Sir Jack Drummond about the onion ; “ I cannot but think 
that there are still things to be found out.” 

Of course everyone is interested, at least in a mild way, in food. This hook 
is intended not only for the specialist, but also for those with a wider interest 
in problems of feeding for optimum health. If you want to know about 
vitamins or trace elements, how foods are processed and prsaerved, what are 
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relative nutritive values, what are dietary deficiencies and what they mean 
to the nation^ here is the chance to learn atout them in a pleasant and readable 
volume. And it will set you thinking. 

What does the book contain and why does it appear in this form ? The 
Food Group is a vigorous subject section of the Society of Cliemical Industry. 
It studies food in all its branches and has actively developed the subject for 
about fifteen years. During the war the Group promoted a series of scientific 
meetings, at which distinguished inv’^ostigators contributed papers on the Egg, 
on Potatoes, on Vegetables, on Cereals, on Meat, on Fish and on Milk as foods. 
There are twenty-seven original papers by some thirty authors ; those have 
now been brought togetlier and woven into an authoritative whole by the 
skilful editing of Messrs, Bacliarach and Rendle. In the result they present 
a balanced diet. And it is true to say that the thorougluiess with which the 
various matters have been surveyed and the literature noted makes it quite 
certain tliat all future writings on these subjects will start from where these 
chapters leave off. They summarise and epitomise our knowledge to date. 
There are complete bibliographies and an adequate index. 

Attention should be drawn to the breadth of treatment. Here is no mere 
collection of analytical data or arid survey of technological facts, but there is 
wealth of broad knowledge of the biology of plants, and of animal husbandry 
and agriculture, in their bearing on the feeding and health of the nation and 
of the world. Here you may get pregnant suggestions on the effects of 
sunlight on the plankton of the sea. as well as on the formation and mode of 
action of vitamins. Yet withal there are still unanswered questions such as 
why a potato turns black after boiling, and why onions are so nutritious, and 
the virtues of brown and white bread. 

Without doubt the Food Group and the Society have done a real public 
service in producing this survey. It is of lasting value, and all who have 
any scientific interest in food, whether production or treatment, will need 
to possess a copy. It does credit to its authors and editors and will give 
pleasure to its readero. 

H. E. Oox. 


BXOX^OGY AND MEDICINE 

Anififial Biology* By Eobxht H. Wolcott. Third edition. [Pp. 
xviii + 719, with 508 figures.] (Now York and London ; McGraw- 
Hill Book Co., Ino., 1946. 20s. net.) 

Tsob third edition of the late Professor Wolcott's book has been considerably 
alteted by the rewriting of certain chapters and the addition of oi:hers, but it 
retaixis essentially its original forrw—a class textbook and not a work of 
reference : emphasis has been placed upon the broader aspects of the science 
and the general significance of the data presented.” Because of this the 
author has achieved a fresh introduction to his subject, entirely different in 
scope ffom the more formal treatment of the usual toxtbook of Intermediate 
standard. Possibly he has, at times, oast his net rather too widely, as, for 
example, in introducing the Otenophores, Cluetognaths hnd Braohiopods ; 
it may be questioned whether a somewliat fuller treatment over a slightly less 
extensive field would not have been preferable — but this is a matter of 
opinion. 

The book is well written and free from errors ; a rather more up-to-date 
treatment of mitosis than one which involves a spireme might have been 
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expected, and the statement that “ The natural habitats of gorillaa are the 
moiintainous forests of Africa ” is sufficiently loose to be miideading. The 
numerous illustrations have been carefully selected and are well reproduced. 
Save for those who require a more detailed introduction a« a prelude to 
advanced studies, the book serves as a useful and attractive guide to the 
elements of zoology. 

F. W. J. 

An Introduction to Social Biology. By Alan Dale, B.Sc. [Pp. 
viii + 396, with 189 figures.] (London : William Heinemann, 
Medical Books, Ltd., 1940. 15j9. net.) 

The appearance of a book bearing this particular title evoked great interest 
amongst tlje many who are now n^quued to bridge the gap between the 
General Biology of tlie first year of medicine and the Special Biology of Man, 
which is the subject matter of the later years of tho medical curriculum. It 
was interesting, therefore, to learn what in the author’s considered opinion 
is the content of social biology. The author, leading off with a brief discussion 
of life in space and time, surveys the evidence which permits us to know that 
modem man is the outcome of a long evolutionary process os yet unfinished. 
Next he considers man as a mammal, paying attention to the role of the 
endocrines in the rniiintenance of normality and tho production of defect and 
derangement. He deals also in brief outline with the elements of comparative 
psychology. Next tho biology of sex is dealt with as a comparative study, 
and the elements of genetics, with special reference to human genetics, are 
presented. Then comes a discussion on reproduction. The allergies are 
examined, the typical pathogens described and a number of diseases of social 
importance considered. The present organisation of the medical service of 
this coimtry is criticised and a brief liistorical survey of medicine offered, due 
tribute being paid to the great names. Then follows a chapter dealing with 
human needs in respect of food and drink, with special reference to the 
vitamins and the c?ffects of their insufficiencies. Concluding chapters discuss 
the balance of nature, social life amongst animals, an account of man's 
uniqueness and an essay upon tho nature of life itself. 

The* book is admirably produced and botmteously illustrated. Its origin 
was a series of disotissions held with tho combined sixth forms (Arts, Silence 
and Modem) of a largo boys* secondary school. It is to be judged, therefore, 
according to its value as a text for such general coxirsos in schools and cultural 
courses in eidult education. It is, as its author says, necessarily experimental 
in its design. Many of its readers, and particularly those who were looking 
for a book of this kind for recommendingito medical students, will be inclined 
to regard the author’s approach as altogether too traditional. From their 
point of view it deals far too much with comparative zoology and too little 
with human and social biology. It remains to be seen whether this book will 
satisfy the needs of those to whom it is particularly addressed* Did the 
entrant to the medioal curriculinn know and understand all that is herein 
written, then indeed the task of the University teacher would be greatly 
advantaged. This knowledge and this comprehension could then fonn the 
foundation for a course of instruction in social biology as this term is undcf* 
stood by the medical sociologist. 


F. A. E. C. 
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Science versue Cancer. By 1. Bebenblum, M.D., M.Sc. [Pp. 116»with 
8 plates.] (London : Sigma Boo^» Ltd., 1946. 6«. not.) 

WhUjE cancer from its nature has understandably attra<jted a good deal of 
public interest, there liave been few or no authoritative sources to which one 
could dir(>ict the inquiring layman in search of a simple account of the main 
feattu’es of the disease, or of progress in its study. This need has now been 
admirably met by the present volume, No. 2 in the new “ Sigma ” series of 
Introductions to Science, Dr. Berenblum presents, in remarkably clear style, 
good dmcriptions of such topics os the uniqueness of cancer amongst diseases 
in general, its wide zoological distribution, and the influence of heredity upon 
its manifestation. On the lost point, it is made evident that there is no single 
hereditary factt^r for cancer os a whole, and that the hereditary influences 
which can be studieil by genetical exi)eriinent in aninmls are so slight in 
their effects as far as nmn is concerned that they can be largely discoiinted 
in practice. On the question of recorded mcreases in the incidence of the 
disease, the author is of opinion4hat these are largely due (excepting probably 
in the case of (jancer of the lung) to changes in age distribution of the popiila- 
tion and improvements in diagnosis. Reliable as a source of accurate 
information, the work is equally useful in correcting common misconceptions, 
m that cancer is an increasing disease of civilised man : this statement is 
demonstrated to be imtrue for three reasons, ^nz, that the disease as a whole 
is not confined to man, is not due to civilisation, and is not becoming more 
freqiwmt in the sens© implied. 

The vital question as to how best the layman can co-operate in the task 
of treatment and prevention, without himself becoming morbidly introspec- 
tive in the process, is answered by showing how he should adopt a rational 
attitude that neither underestimates the potential seriousness of cancer nor 
overestimates its frequency, by a real understanding of the prospects and 
basis of cure in early diagnosis. The whole book Is directed to this end, and 
is materially strengthened by two chapters devoted to the methods and 
achievements of cancer research, and by plates illustrating the elementary 
features of cell division, the salient characteristics of benign and malignant 
tumours, the appearances of occupational cancer of the skin, and the 
anatomical principles involved in therapy. There is no doubt that Dr. 
Berenblum, who is an outstanding worker in this field of his choice, has 
judged it well to sjHjnd a part of liis time in making available this simple yet 
balanced and useful accoimt. If in one or two statements (e.g. “ the fact 
that cancer tends to arise late in life ims nothing to do with the process of 
ageing **) he invites some difference of opinion, his book is free from real 
errors of substance, and con be warmly recommended not merely to tlie lay 
public for wliich it was written, but to scientific readers as well. 


A. H, 
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Of aU the problems confronting the plant physiologist none hm 
attracted more attention than that of photosynthesis, the assimila- 
tion into the body of the green plant, under the influence of light, 
of the carbon provided in the carbon dioxide of the atmosphere. 
This interest is justified, for on photosynthesis depends, with the 
exception of a few very lowly organisms, all life on tliis planet. By 
photosynthesis the green plant is provided with the carbon essential 
for building up the multifarious carbon compounds which make 
up its body and wliich ultimately provide the food of non-green 
plants and animals, including man, the energy required for the 
building up of these compounds being provided by sunlight. Not 
only so, but the development of our industrial civilisation has 
depended on the utilisation of the energy obtained in bygone ages 
in photosynthesis by the plants whose remains are now coal. 

The realisation of the fundamental importance of photosyn- 
thesis for life came gradually during the nineteenth century. The 
eighteenth-century pioneers, Priestley, Ingen-Housz and i^nebier, 
who established the exchange of oxygen for carbon dioxide by the 
green parts of plants in light, were mostly concerned with the 
hygienic effect of this gaseous exchange on the atmosphere, as the 
very title of Ingen-Housz’s work of 1779 witnesses : ** Bxperi 
ments upon Vegetables, discovering their great power of purifying 
the common air in the sunshine and of injuring it in the shade and 
at night ; to which is joined a new method of examining the accurate 
degree of salubrity of the atmosphere.*’ It was not until the nine- 
teenth century was well advanced that, owing very largely to the 
writings of Liebig and Robert Mayer, the significance of the assimila- 
tion of carbon from the carbon dioxide of the air in providing food 
and energy for all living things was generally reedised. The demon- 
stration by Sachs ill 1862 that in some leaves photosynthesis resulted 
in the formation of starch, and later work which showed that where 
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starch was not formed its place was taken by sugar, indicated that 
the process of photosynthesis consisted in the conversion of carbon 
dioxide and water into carbohydrate and oxygen, a process involving 
the absorption of light energy, about 674 kilogram-calories being 
required to build up one gram molecule of hexose sugar from carbon 
dioxide and water. 

Assuming that the product of photosynthesis is hexose sugar, 
a reeisonable enough assumption though one not even now proved 
to general satisfaction, we thus obtain the well-known equation 

6CO, 4 6H,0 I- light energy = (- 60, 

to represent the overall pliotoaynthetic process, the correctness of 
the equation being indicated by the observed equality of the vol- 
ume of oxygen given out to that of carbon dioxide absorbed. 

The major problem of photos 5 rnthoBiB is to explain in physical 
and chemical terms how this synthesis of carbohydrate from carbon 
dioxide and water is brought about in the green plant ; to deter- 
mine, in short, what is usually Called the mechanism of the process. 
Since the establishment of the general character of photosynthesis 
an unending stream of publications has appeared bearing directly 
or indirectly on this question. The problem has been attacked 
from different angles and we now possess a very detailed knowledge 
of various aspects of photosynthesis. One line of investigation 
which has been pursued with considerable success has been con- 
cerned with the pigments of green plants, those pigments the 
'presence of which is essential for photosynthesis to occur. Another 
line of work which has yielded much valuable information has dealt 
with the quantitative relationships between photosynthesis and the 
various conditions essential for its occurrence. A third line of work, 
the search for intermediate products in the photosjnthetic process, 
has, on the contrary, yielded disappointingly little information. 

As regards the pigments, it had been shown as long ago as 1682 
by Nehemiah Grew that the colour of green plants was due to more 
than one substance, but it was not until the early years of the 
present century that the separation and identification of the pig- 
ments was satisfactorily accomplished by Tswett and Willettttter 
and Stoll. Tswett introduced the chromatographic method in 
which an extract of the pigments in an organic solvent such as 
benzene, petrol-ether or carbon disulphide passes through a column 
of adsorbent such as dry powdered calcium carbonate, inulin or 
sugar contained in a glass tube. The different pigments have 
different adsorption affinities and are adsorbed at diffbreiit levels, 
so that the various pigments in the ettraot become separated into 
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a Bucceesion of layers. By cutting up the whole column into the 
various layers and extracting each layer with a solvent, solutions 
of the individual pigments are obtained. From his work on these 
lines Tswett concluded that green leaves contain two green pig- 
ments or chlorophyDs, a-ohlorophyllin and /?-chlorophyllin, and five 
yellow pigments or carotinoids, xanthophyll a, xanthophyll a', 
xanthophyll a'', xanthophyll and carotene, the last not being 
adsorbed at all. Willstiitter and Stoll, tising a method previously 
employed by Fremy and by Stokes some forty years earlier, that 
of partition between two non-miscible solvents, separated, as is 
well known, four pigments, two green and two yellow, the chemical 
constitution of which they examined and to which they ascribed 
the following forrnulaB : 

Gro«n pigment* : 

CWorophyll a Mg. 

Chlorophyll b .... . O.jHj.O.N. Mg. 

Yellow pignieiilM (carotinoids) : 

Xanthophyll C.oHmO, 

Carotene ....... C.,,!!,, 

In the brown algf» the presence of another yellow pigment, fucoxan- 
thin, had been shown spectroscopically by Sorby as far back as 
1873. This was isolated by Willstatter and Page in 1914 who 
ascribed to it the formula C 4 (,H 540 g. In the red seaweeds other 
pigments, phycocyanin and phycoerythrin were recognised in 
addition to the usual green and yellow pigments. So our knowledge 
of the number of plastid pigments remained for many years. 
Recently, however, Strain and his collaborators, by spectrographic 
and chromatographic methods, have produced evidence that the 
number of chlorophylls in plants must be raised to four. Willstfttter 
and Stoll had shown that in the brown algae nearly all the chlorophyll 
was in the form of clilorophyll o. Now Strain and Manning conclude 
that there is a second chlorophyll component in the brown algae, 
but that this differs from chlorophyll b and is indeed a third chloro- 
phyll which they call chlorophyll c. It is said to occur along with 
chlorophyll a in the diatoms and dinoflagellates also. In the red 
algae, according to Manning and Strain, a fourth chlorophyll, 
oMoroph 3 dl d, accompanies chlorophyll a, both chlorophyll 6 and 
chlorophyll e being absent. While the composition of the two new 
chlorophylls has not been determined, they appear to be closely 
related to chlorophylls a and b, but differ in their spectra. 

Strain and his collaborators have also separated a number of 
yellow pigments containing oxygen, thus confirming Tswett’s 
orighial finding of a number of xanthophylls in the leaf pigments. 
Willst&tter and his oo-workers had isolated two such substances to 
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which the formulee C4oH,,0, (xanthophyll) and (fuooxan- 

thin) were ascribed. These compounds, called collectively caro- 
tinoids by Willstiitter, are now called xanthophyUs by Strain. 
According to the latter worker the most important xanthophyll of 
the leaf is lucein ; this appears to be the xanthophyll of WUlstatter 
and Stoll. An isomer of this, zeaxanthin, is also present among 
the leaf xanthophyUs, while others present include cryptoxanthin, 
flavoxanthin and violaxanthin with formulaj of C40HJ4O, C40H54O3 
and C4oHg404 respectively. 

The carotene of green leaves also appears to be a mixture of 
bomers. According to Mackimiey it consbts of two components, 
a-carotene and /3-carotene. 

The structural formulae of chlorophylb a and b, the xanthophyUs 
and the carotenes are all now well established, but it has to be 
admitted that the knowledge of the molecular structure of those 
substances has helped very little so far to elucidate the mechanism 
of photosynthesis. 

It b generaUy agreed that the chlorophylls are responsible for 
absorbing the light energy utilised in photosynthesis, and it is 
possible that some of the energy absorbed by the pigments accom- 
panying chlorophyll may also be utilised in the reduction of carbon 
dioxide to carbohydrate. The mo.st likely explanation of the 
exbtence of more than one chlorophyll in the same plant b that 
light over a wider range of wave lengths b absorbed by two ohloro- 
phylb than by one, for the spectra of all the chlorophylb dififer. 
The similarity of the molecular structure and so of. the chemical 
properties of chlorophylb a and b and probably of c and d renders 
it improbable that they play different chemical roles. For thb 
reason the interesting theory of Seybold that chlorophyll a b con- 
cerned in photosynthesb and chlorophyU b in starch formation b 
not a very likely one. Seybold point^ out that in Vaucheria, 
where starch b not formed, there b no chlorophyll 6, while in 
monocotyledons which do not form starch the ratio of chlorophyU 
6 to chlorophyll a b less than in starch-forming angiosperms. The 
older “ adaptation ” theory, which rebtes differences in the nature 
aud ratio of the pigments to the different composition and intensity 
of the light in the various environments appears a more reasonable 
one. 

The investigation of the rebtionship between photosynthesb 
mid the various conditioning factors, including temperatiure, light 
intensity, carbon dioxide concentration, chlorophyU content, largely 
initbted and inspired by F. F. Bbokman and carried out during 
the first quarter of the present century, emphasbed the fact that 
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photosjmthesift involved a non-photochemical reaction as well as 
a photochemical one, for under conditions of high light intensity 
when this factor was not imposing a limit on the rate of the whole 
process, the rate of photosynthesis was affected by temperature in 
the same way as a purely chemical or dark reaction, whereas 
in low light intensities, when light was limiting the rate of photo- 
synthesis, the latter was proportional to light intensity but little 
affected by temperature. The dark reaction, indeed, is often 
designated the Blackman reaction.” Various schemes have been 
proposed to explain the course of photosynthesis based on the idea 
that the whole process consists of a chain of reactions, one at least 
of which is photochemical and one at least a dark reaction. The 
best known of these is the Willstatter and Stoll theory. According 
to this, carbon dioxide, having combined with water to form carbonic 
acid, combines with chlorophyll to form an addition compound. 
This is a purely chemical reaction. The photochemical stage 
follows in which, with absorption of light energy, the chlorophyll- 
carbonic acid compound undergoes isomeris^ition to a substance of 
higher energy content and of peroxide structure. By the action of 
an enzyme this compound decomposes to give chlorophyll, oxygen 
and formaldehyde ; this is the Blackman reaction. The formalde- 
hyde then polymerises to sugar. 

A primary difficulty in testing this and any other scheme of 
the course of photosynthesis lies in the complete absence of any 
generally accepted information about possible intermediate products 
of photosynthesis. Support for the formaldehyde hypothesis, so 
popular for many years and involved in the Willstatter and Stoll 
scheme, provided by the recognition of formaldehyde in photo- 
85mthe8ising cells, has not stood the test of critical investigation, 
and the same may be said in regard to other alleged intermediates. 
Moreover, the Willstatter and Stoll theory appears to be contra- 
dicted by recent work on the source of the oxygen given out in 
photosynthesis. Willstiitter and Stoll, as we have seen, considered 
the oxygen to arise by the breaking down of the carbonic acid, 
ehemically combined with chlorophyll, to formaldehyde and 
oxygen : 

CO, + H,0 H,CO, 

H,00, « H.CHO + O, 

On this view not more than half the oxygen evolved could 
possibly have come from the water provided ; considerations, 
which it is unnecessary to enter into here, indicate that half the 
oxygen would indeed come from water and the other half from 
carbon dioxide. Now in 1941 Ruben and his co-workers in Cali-^ 
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fomia examined the photosynthesis of the green alga Chlorellu 
provided with water and bicarbonate (and hence carbon dioxide) 
into which the heavy isotope of oxygen 0^® had been intrcxluced. 
The proportion of water and carbon dioxide containing heavy 
oxygen differed, but it was found that in all experiments the per- 
centage of heavy oxygen in the liberated gas w^as the same as that 
in the water provided and was not related to that in the carbon 
dioxide. This very important finding that the oxygen evolved in 
photosynthesis is supplied l)y the w^ater and not by the carbon 
dioxide has been more recently confirmed by Dole and Jenks. It 
appears to offer a fundamental objection to the Wilistatter and 
Stoll and similar hypotheses of the mechanism of photosynthesis. 

It has for long been recognised that as respiration is an oxidation 
of carbohydrate with carbon dioxide and water as end products, 
so photosynthesis, which as far as the overall process is concerned 
is the reverse of respiration, is a reduction of carbon dioxide. Refer- 
ences to photosynthesis as a photochemical reduction process are 
to be found scattered through the literature, altliough this aspect 
of photosynthesis has not been much emphasised until comparatively 
recent years. It is probably the work of Van Niel in 1931 on the 
purple sulphur bacteria tliat has brought this point of view into 
prominence. In these forms there is a photosynthesis of carbon 
dioxide to carbohydrate, but the other primary reactant is not 
water but hydrogen suljdiide. The overall process can here be 
expressed by the equation 

6COa + 12H,8 - 6H,0 + 12S 

further oxidation of the sulphur to sulphate following. This can 
be regarded as a typical instance of reduction of carbon dioxide by 
transference to it of hydrogen from the hydrogen sulphide ; carbon 
dioxide is the hydrogen acceptor, hydrogen sulphide the hydrogen 
donor (or donator). The normal photosynthesis of green plants 
can be considered as a similar instance of hydrogen transference in 
which carbon dioxide is again the hydrogen acceptor and water the 
hydrogen donor. The exact similarity of the two processes is 
immediately apparent from the two equations set out below in 
which for the sake of simplicity the reduction of one molecule only 
of carbon dioxide is considered : 

CO, 4 2H,0 - CH,0 + H,0 + O, 

CO, + 2H,8 «. CH,0 + H,0 -f 28 

Incidentally, this view of photosynthesis as involving the trans- 
ference of hydrogen from water to carbon dioxide, is in agreement 
with the observation of the origin of oxygen from water. Just m 
the sulphur according to the second equation must arise from the 
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hydrogen sulphide, so the oxygen in normal photosynthesis most 
similarly arise from the water. 

If there were a direct transference of hydrogen from water to 
carbon dioxide the first product would be formaldehyde hydrate, 
which on decomposition could give formaldehyde and water : 

H H 

I I 

Or=C -^O + 4H HO— C~OH -> C + H.O 

I I 

H H 

so that formaldehyde could still be an intermediate photosynthetic 
product. It would sotim more likely, however, that the carbon 
dioxide is first built into a larger molecule before reduction occurs. 
It also appears probable that four molecules of water are involved 
in the reduction of one carbon dioxide molecule, because, as pointed 
out by Rabinowitch, it would be more likely for two molecides of 
water to provide one hydrogen atom each, while the two remaining 
hydroxyl groups react to give a molecule of water and a molecule 
of oxygen, than for one water molecule to lose both its hydrogen 
atoms. 

The implications of Van Niel’s theory have been considered in 
, detail in Rabinowitch’s recent excellent and exhaustive book on 
photosynthesis. Rabinowitch points out that photosynthesis can 
be regarded as a series of oxidation-reductions in which hydrogen 
is transferred from water, possibly hold in some complex, to a 
first acceptor which is thereby reduced. From this hydrogen is 
transferred to a second acceptor and so on until finally it is trans- 
ferred to carbon dioxide, also imssibly held in combination. The 
actual photochemical stage might be anywhere in this series of 
reactions ; it might concern the primary oxidation of water or the 
final reduction of carbon dioxide, or it might be one of the inter- 
mediate reactions. In endeavouring to elucidate the mechanism of 
photosynthesis it is clearly of first importance to discover which 
stage in photosynthesis is the actual photochemical one. Rabino- 
witoh, after considering in detail all the possibilities in the %ht of 
the available evidence, decides that it is impossible at present to 
give a definite answw to this question. On the whole he considers 
that the best working hypothesis is one in which the primary photo- 
chemical reaction consists of an oxidation-reduction between eight 
molecules of one catalyst and eight molecules of a second catalyst ; 
one of tfie eatalysts might be chlorophyll. Half of the oxidisdd 
product resulting is concerned in the removal of hydrogen from 
water, the other half and the whole of the reduced product are 
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oonoemed in the reduction of carbon dioxide. The whole scheme 
is represented by the following series of reactions where A and B 
denote the two catalyets in their oxidised forms : 


oriA n- ■ — 

4A + 4H,0 

■+ 4tCO,] 
+ 4A 
4[HCO,] 


8 Hb| 


iHA -h 2H,0 + O, 

4B 4 4[HCO,] 

4HA + 4B 

8COj f HaO 1 [CH,0] 


the overall equation thus becoming 

4H,0 + 4[CO,J - (CH,0] + O, + 3H,0 I SCO, 

The brackets enclosing C’0„ HCO, and CH,0 indicate that these 
groupings are held in combination. 

An essential feature of this scheme is what is called energy 
V dismutation represented in the third of the above equations in 
which the reduction of four molecules of carbon dioxide by four 
molecules of the reduced catalyst HB is assisted by the re-oxidation 
of four other molecules of HB by the oxidised catalyst A. In 
support of this hypothesis Babinowitch points out that reactions 
involving energy dismutation do undoubtedly take place in chemo- 
synthesising bacteria, the oxidation of several molecules of substrate 
being used for the production of a single molecule capable of reducing 
a molecule of carbon dioxide. 

Babinowitch thus considers it most likely that the photo- 
chemical stage of photosynthesis is to be found in neither the 
primary reduction of carbon dioxide nor the primary qxidation of 
water, but that these are effected by products, or further derivatives 
of the products, of the photochemical reaction, and are chemical 
or “ dark ” rea^ctions. 

As regards the immediate fate of the carbon dioxide on entering 
, into the photosynthetio process we have little informatum. As 
already pointed out, we have no definite knowledge of any inter- 
mediates in photos 3 mthe 8 is. Buben and his co-workers have 
attempted to obtain information on this point by providing CMorelia 
with carbon dioxide containing radioactive carbon. In the dark 
the absorbed radioactive carbon appeared to enter into the com- 
position of a l6urge molecule containing about 100 atoms, and possibly 
formed part of a carboxyl group. After exposure of the CMoreUa 
to light for a few minutes they were able to show that a whole range 
of aldehydes, alcohols, acids, amino-adds and other organic sub- 
stances containing radioactive carbon were not present, and indeed 
the substance containing the carbon resembled that formed in the' 
dark, except Hiat the radioactive carbon appeared not to be part 
of a carboxyl group, it may be that the carbon dfoxide is font 
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incorporated into a large molecule containing a carboxyl group and 
that thiB Ib the unknown Bubstance formed in the dark. That in 
the light the radioactive carbon is no longer in a carboxyl group 
suggests the possibility that the latter is reduced in the presence 
of light, and that this might in fact be brought about by the action 
of the reduced catalyst produced in the primary photochemical 
reaction hypothesised m Rabinowitch’s scheme outlined above. 

It must be mimitted that this suggestion rests on a very slender 
body of experimental evidence, but Ruben’s work is highly sug- 
gestive in indicating how attack on the problems of photosynthesis 
by the use of radioactive tracers may contribute to the final 
elucidation of these problems. 

All oxidations involve con’esjjonding reductions and if photo- 
synthesis can be regarded as a reduction of carbon dioxide it can 
equally well be I'egarded as an oxidation of water, the final oxidation 
product being oxygen. 

We have already observed that according to the WUlstatter and 
Stoll hypothesis the oxygen arises from the decomposition of a 
{peroxide forming part of the chlorophyll-carbonic acid compound 
after this had undergone isomerisation in the photochemical reaction. 
It was suggested that this decomposition was effected by an enzyme, 
possibly a pei*oxida8e. Many writers have found the idea that 
hydrogen peroxide might be an intermediate product in the oxida- 
tion of water in photosynthesis an attractive one, since the enzyme 
catalase, universal in plant tissues, effects the decomposition of 
hydrogen f>eroxide into water and oxygen. However, although 
many attempts have been made to correlate photosynthetio and 
catalase activity, it seems clear that no such general correlation 
exists, while Rabino witch points out that the considerable amount 
of energy required for the formation of hydrogen i)eroxide makes it 
improbable that it is an intermediate product of photosynthesis. 

If the oxygen is not liberated by either jxjroxidase or catalase 
action there is still the possibility that it may be effected by an 
oxidase system. There is not at present any experimental evidence 
on this point. 

As is well known the transference of hydrogen from donor to 
acceptor in living cells is effected through the agency of the enzymes 
known as dehydrogenases. Thus the enzyme succinic dehydro- 
genase effects the oxidation of succinic acid to fomario acid by the 
removal of hydrogen from the former by a hydrogen acceptor such 
as methylene blue or thiamine. The dehydrogenases, as well as 
tbe oxidascNS which oxidise by means of molecular oxygen, are 
inhibited by various poisons, and information with regard to the 
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mechanism of photosynthesis may be sought for in determining the 
efifeots of various enzyme inhibitors on photosynthesis. 

Since Warburg in 1919 first reported that cyanide reduced 
photosynthetic activity in GhloreXhi much work has been done on 
the effect of this poison on photosynthesis. Results show con- 
siderable variations with different species and any generalisation 
on the effect of cyanide on photosynthesis is difficult. However, 
in low light intensities Warburg found photosynthesis in ChhreXla 
was insensitive to cyanide, while in strong light the cyanide had an 
inhibitory effect. This finding at least appears to be generally 
accepted. Warburg interpreted this as indicating that cyanide does 
not affect the photochemical reaction which limits the rate of the 
whole photosynthetic process when light intensity is low, while it 
does inhibit the dark reaction, which limits the rate of the whole 
photosynthetic process when the light intensity is high. Among 
enzymes inhibited by cyanide are various oxidases, catalase and 
carbonic anhydrose, any of which might conceivably bo concerned 
in photosynthesis. lodoacetate, an inhibitor of at least some of 
the dehydrogenases, was found by Kohn to have also an inhibiting 
effect on photosynthesis, a finding which suggests the participation 
of dehydrogenases in photosynthesis, althougli iodoacetate is also an 
inhibitor of catalases Urethane, according to Warburg, inhibits 
photosynthesis of Chlorellu indej>endently of the light intensity, and 
so might be supposed to inhibit both the photochemical and the 
dark reactions of photosynthesis. Warburg’s observation has since 
been confirmed by other workers. 

The failure to obtain photosynthesis outside the plant in systems 
containing chlorophyll and subjected to all external conditions 
necessary for photosynthesis led to the conception of the proto- 
plasmic factor, a factor in addition to chlorophyll inside the 
assimilating cell which was deemed necessary for photosynthesis to 
proceed. Experimental evidence in support of the existence of 
this second internal factor came from the examination of the develop- 
ment of photosjmthetio activity in etiolated seedlings brought into 
the light. If the seedlings were young enough it was found that a 
considerable development of chlorophyll could take place before 
photosynthesis started, thus indicating the need for Ihe development 
of some second internal factor. 

It has been usual to regard the protoplasmic factor as enzjrmio, 
and WillstlLtter and Stoll suggested that it might be a peroxidase 
catalysing the dark reaction following the photoohemioal reaction, 
in their theory of the photosynthetic mechanism. From what has 
been written above it will, however, be plain that the so-called 
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protoplasmic factor is probably not a single enzyme system, for 
probably a number of different oxidising enzymes are involved in 
the overall synthesis of carbohydrate from carbon dioxide and water. 

The seat of the photosynthetic process is presumably in the 
chloroplasts, the granules containing the chlorophyll, and it has for 
long been an unsettled question whether photosynthesis could occur 
in chloroplasts isolated from the rest of the protoplasm, or, put in 
another way, whether the protoplasmic factor can be located in the 
ohloroplast or whether it is a constituent of the C3d)oplasm. A 
slight evolution of oxygen by isolated chloroplasts on exposure to 
light was recorded by Ewart more than fifty years ago, a finding 
more recently confirmed by Inman. This evolution of oxygen, 
which is so slight that it can only be demonstrated by the use of 
bacteria wliich become luminous in presence of oxygon, does not 
appear to be accompanied by any absorption of carbon dioxide, 
and its relation, if any, to photosynthesis was regarded as extremely 
doubtful. 

Some years ago, however, the evolution of oxygen by isolated 
chloroplasts of Stellaria media and lAimium album was further 
examined by R. Hill with the result that a connection between this 
oxygen production and photosynthesis was rendered more probable. 
The evolution of oxygon from the isolated chloroplasts was examined 
by suspending them in a solution of hocmoglobin and observing 
the production of oxyhaimoglobin from this by means of a spectro- 
photometer. Hill found that the chloroplasts emitted oxygen in 
the light, but only in presence of extracts of leaves or certain ferric 
salts. In particular they brought about a photoreduction of ferric 
oxalate to ferrous oxalate with evolution of oxygen. They did not 
make use of carbon dioxide. This work showed that a system 
containing chloroplasts and leaf extract or a ferric salt could utilise 
light energy and the work done could be measured in terms of 
oxygen produced and reduction of a ferric salt. Hill thus regarded 
the ohloroplast as containing a mechanism which absorbs light 
energy and thereby reduces an unknown substance, not carbon 
dioxide, with evolution of oxygen. This substance he considered 
to be capable of rapid reoxidation and to behave, in fact, like a 
catalyst concerned in hydrogen transference. From later work 
Hill and Soarisbrick decided that the reaction of chloroplasts with 
ferric oxalate showed resemblances to the photochemical reaction 
in photosynthesis and that the system in the isolated ohloroplast 
responsible for the action forms part of the normal photosynthetio 
process. Further, they concluded from the fact that urethane 
inhibits the evolution of oxygen by the chloroplasts, while cyaxude, 
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fluoride, azide and hydroxylamine have no effect, that oxygen is 
fonned in photosynthesis in a photochemical reaction not involving 
carbon dioxide, since Warburg had concluded that in ChJoreUa 
urethane affected the photochemical reaction while cyanide affected 
only the dark reaction. 

More recently French and Rabideau have examined the quantum 
yield of oxygen production by spinach and Trademmtia chloroplasts 
suspended in solutions of ferric oxalate and potassium ferricyanide 
and conclude that as regards its light efficiency the reaction involving 
oxygen production is not essentially different from that producing 
oxygen in normal photosynthesis. Kumm and French found that 
keeping plants in light before removal of the chloroplasts markedly 
increased the rate of oxygen evolution by the chloroplasts as com- 
pared with that from plants which had been previously kept in the 
dark. They therefore suggest that some unidentified substance, 
possibly an intermediate in photosynthesis, is built up in the chloro- 
plasts during exposure to light, and that this is necessary for oxygen 
evolution to take place from the isolated chloroplasts. Hill’s work 
has also been followed up by Warburg and Liittgens and by Aronoff. 
Warburg and Liittgens found that both isolated chloroplasts and 
disintegrated chloroplasts (the so-called “ grana ”) could reduce 
not only ferric salts but quinone, the products being hydroquinone 
and oxygon. Aronoff extended this work to the examination of 
the effect of the grana on other quinones, such as the naphtho- 
quinones, and found they behaved similarly to quinone, the intensity 
of the reaction being roughly proportional to the redox potential 
of the quinone in strong light. A number of other substances such 
as benzaldehyde and salicylaldehyde produced only small effects. 
/These observations show that the capacity of the chloroplast to 
^ reduce substances with evolution of oxygen is not limited to an 
action on substances containing iron. This does not affect Hill’s 
theory that the evolution of oxygen by cldoroplasts in vitro is 
effected by part of the normal photosynthetic mechanism. It does, 
however, indicate that the unknown substance in the cell wliich is 
reduced on absorption of light need not necessarily be an iron 
compound. 

In spite of the enormous amount of experimental work of high 
quality which has been carried out on photosynthesis during the 
last forty or fifty years, we are still very far from an elucidation of 
its mechanism. Plant physiologists have, for many decades, realised 
that photos3mthe8is is a complex process, and recent work has 
only served to emphasise this. Although F. F. Blackman's work 
of more than forty years ago established the occurrence of both 
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dark and photochemical reactions in photosynthesis we still have 
next to no definite knowledge of what these reactions are, or where 
they occur in the series of reactions which make up the whole 
photosynthetic process. But the work of the last ten years, although 
it may not have yielded definite information, has indicated new 
modes of attack. Among the moat promising of these are the use 
of radioactive tracers as in the experiments already carried out by 
Ruben and his collaborators, and work on isolated chloroplasts 
initiated by R. Hill. Development of work along the first of these 
lines should lead to the discovery of the fate of the carbon in the 
carbon dioxide absorbed by the green plant, while work along the 
second lino should help towards an analysis of the whole process. 
Both should aid in the elucidation of the mechanism of the very 
fundamental biological process of photosynthesis. 



THE MOLECULAR STRUCTURE OF COAL 

By H. L. RILEY, D.So., A.B.C.S., F.R.l.C. 

JHfeelor of HuMrch (Carftonuaiion), NeUimal Coal Board 

The classical methods of organic chemistry together with X-ray 
difiraotion studies have given results which permit us to describe, 
in more or less detail, the molecular structures of complex natural 
substances such as carbohydrates, proteins, rublxus, etc. Although 
the molecular nature of coal has been studied intensively for more 
than a quarter of a century, the picture which can be drawn of its 
molecular structure is still sketchy and vague, largely because it is 
much more complex than those of the above-mentioned substances. 
The word coal covers a multitude of diflFerent materials ranging 
from peat to anthracite and few of them are even macroscopically 
homogeneous. There is, however, little doubt that all are genetically 
related ; they have been formed from vegetable debris or, in certain 
less frequent cases, from the remains of marine animal life. The 
microscope has revealed the presence in coal of vestiges of the 
original cellular structure of the wood, micro- and mega-spores, 
cuticles, resins, etc., of the original coal measure forests and swamps. 
Much of the meticulous work in this field, however, is purely de- 
scriptive and, although of considerable importance to the paleso- 
botanist and for the correlation of coal seams, is still without any 
precise chemical significance. A so-called ‘‘ coal petrography ** 
has been developed with an extensive and confusing nomenclature 
based solely on visual observations of polished and transparent coal 
sections. 

The investigations which have revealed most about the molecular 
structure of coal can be classified under five headings, viz. (1) 
Studies of natural and artificial coalification ; (2) Solvent extrac- 
tion ; (3) Thermal decomposition ; (4) Chemical degradation, 

particularly by oxidising agents, and (5) X-ray diffraction. We 
shall describe briefly below how these methods have been used 
and the insight they have provided of the chemical character of 
coal, and finally give an outline of what is now thought to be the 
molecular structure of coal. 

The Lionik Theory of Coal Fobbiation 

Among earlier writers, the idea was widespread that peats, and» 
therefore coals, had been formed from the celluloBie part of vegetable 
debris, and it was argued from this that their structures must be 
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based on the furan ring. Franz Fischer and H. Schrader (1921) 
were the first to question this view and pointed out that cellulose 
and lignin, the principal constituents of wood, have fundamentally 
different structures ; the former is aliphatic and made up of furan- 
Uke units, whilst the latter contains aromatic rings and acetyl and 
methoxyl groups. They suggested- that during the formation of 
peat from the plant residues the cellulose has suffered bacterial 
decay and has been completely converted into carbon dioxide and 
water. Consequently the proportion of the more stable lignin has 
increased with time and there has been a concomitant increase in 
the methoxyl content of the peat. Exi)eriment8 have shown that 
such chemical changes occur during the rotting of wood. Brown 
coal contains only a small percentage of methoxyl and bituminous 
coal contains none at all. The methoxyl content of a series of 
geologically related peats and brown coals should therefore show, 
with age, an increase in methoxyl content, followed by a decrease, 
whilst the solubility in hydrochloric acid (cellulose) should decrease 
continuously. Fischer and Schrader supposed that the neutral 
lignin was first hydrolysed with the elimination of the acetyl groups 
and the formation of a phenolic, alkali-soluble complex, viz. humic 
acid (see below), which must have a molecular structure similar 
to that of lignin and initially contain methoxyl groups. The humic 
acid has gradually undergone molecular condensation, involving 
perhaps the elimination of water, leading to the formation of the 
alkali-insoluble material hujnin (see below), which suffered further 
condensation, with the concomitant loss of water, carbon dioxide 
and methane ; the aromatic structure of the original lignin remained 
throughout the whole process of coalification, even in the final 
bituminous coal. 

The following experimental evidence was advanced in support 
of the above views. Lignin, in contrast to cellulose, yields aromatic 
degradation products. As rotten wood or peat increases in age, 
the lignin content increases and there is an initial, related increase 
in the methoxyl content, followed by a deofease. There is a pro- 
gressive decrease in the proportion of a peat soluble in concentrated 
hydrochloric acid as we go deeper into the peat bog. The alkali- 
soluble humic acid content first increases with the age of the peat 
and then decreases, as a consel^uenoe of humin formation. Hot 
aqueous alkaU converts lignin, but not cellulose, into humic acids 
containing methoxyl groups which are liberated as methyl alcohol 
at high temperatures. Although artificial humic acids, prepared 
from cellulose, on fusion with caustic potash, yield protocatechuic 
add and catechol, natural humic acids when treated in the same 



592 


SCIENCE PROGRESS 


way give much larger yields of aromatic acids. The oxidation of 
cellulose by gaseous oxygen under pressure in the presence of aqueous 
alkali at ISC' C. yields furan carboxylic acids ; lignin, on the other 
hand, yields laargely humic acids and finally aromatic carboxylic 
acids. Debituminised brown coals and also bituminous coals 
treated in a similar manner yield benzene carboxylic acids, but no 
furan derivatives : semicokes are likewise converted into aromatic 
carboxylic acids. Other oxidising agents also transform coals into 
benzene carboxylic acids, including mellitic acid : wood charcoal 
can be made to yield as much as 40 per cent, of benzene carboxylic 
acids. From the results of these pressure-oxidation experiments 
Fischer and Schrader concluded that there are no furan-ring struc- 
tures in coal, but only benzene rings. 

Lignin tar contains about 34 pet cent, of phenols, compared 
with about 8 per cent, in cellulose tar. Cellulose is relatively quickly 
attacked and consumed by bacteria, so it is significant that peat 
beds, even at great depths, are known to contain anaerobic bacteria. 

The enrichment of the wax content of peats and brown coals 
can only have occurred by an appreciable decrease in the proportion 
of the other substances present, during the rotting process. Vege- 
table matter poor in lignin {e,g, sphagnum, which contains only 
about 3 per cent, of lignin) yields a i^eat formed essentially from 
lignin, and therefore a pronounced increase in the proportion of the 
plant waxes may be expected. 

Although it is not possible to deduce any relationship between 
brown coal and bituminous coal from their methoxyl contents, a 
study of the waxes and paraflSns formed on destruction distillation 
gives significant results ; e.g. montanic acid (Cj®) can be obtained 
from both peat and brown coal by solvent extraction and 
paraffins are obtained on distillation. Fischer and Gluud have 
shown that the solid paraffin in bituminous coal tar also contains 
the Cg 7 hydrocarbon. 

The Lignin Theory does not exclude cellulose from some part 
in coal formation ; it merely insists that it does not play the de< 
cisive role which had hitherto been assumed. Lignin is present 
in fir to about 28 per cent. ; in oak to about 37 per cent., and in 
nut shell to about 47 per cent. ; the balance is largely cellulose. 
The Lignin Theory is summarised in Figs. 1 and 2 ; these suggest 
that the hunfins decompose at about 500® 0. giving off phenols, 
whilst the wax-Uke bitumen fraction yields hydrocarbons similar 
to petroleum. This mixture of phenols and mineral oil forms the . 
primary tar ; if this is heated to about 800® C., as it is during the 
glare-scale destructive distillation of coal, cracking occurs in the 
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preaenoe of hydrogen to an extent dependent upon the prevailing 
conditions. Benzene and smaller amounts of toluene and xylene 
are formed from the phenols, whilst the mineral oil part of the 
primary tar is largely converted into gas. According to Fischer, 
the benzene and other aromatic constituents of coal tar derive 
essentially from the lignin of the original plants. 
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Fio. 1. — The Lignin Theory of coal formation. 

The Lignin Theory has been critioised on the ground that the 
disappearance of cellulose would involve the disappearance <of the 
original cellular structure of the wood, which can be clearly seen 
in mMny mature coals. Fischer pointed out, however, that cellular 
struotuies can be detected in lignin prepared by the WUlstilttiar 
method and that cell membranes oontun lignin. E. Berl (1928-33) 
has questioned the correctness of Fischer’s views, largely on the 
ground that it is possible to make coal from cellulose in the labora- 
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tory. F. Bergius (1913) heated cellulose, and also peat, in an 
autoclave with water to temperatures up to 340° 0. and concluded 
that the products were similar in character to coking coals and that 
these experiments indicated the manner in which bituminous 
coals were formed in nature. Fischer and Schrader heated cellulose 
and lignin with water under pressure, in the presence of barium 
carbonate, to temperatures of 200° and 300° C. ; the cellulose was 
converted, in increasing measure, into water-soluble compounds 
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Fia. 2. — The Lignin Theory of ooal formation. 


and gases, whilst the lignin showed considerable powers of re- 
sistance. Extensive experiments on the artificial “ ooalifioation ” 
of cellulose, lignin, resins and waxes in both neutral and alkaline 
media at high temperatures (160®-360° 0.) and pressures were 
carried out by Berl and co-workers. At 360® C. cellulose gave a 
yield of solid product of 30 per cent., whereas lignin gave 66 per 
cent. : this difference is not surprising in view of the greater carbon 
content of the lignin. The above workers had no unequivocal test 
for a bituminous coal and, although some of their products on 
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carbonisation showed both caking and swelling properties, subse- 
quent X-ray examination (Blayderi, Gibson and Riley, 1945) 
showed them to be more closely akin to peats and brown coals than 
to bituminous coals. 


Coal Resins 

Peat bitumen is similar in character to brown coal bitumen and 
consists principally of resinous and waxy materials ; the pro- 
portion of material extractable by organic solventvS (usually a 
mixture of ethyl alcohol and benzene) varies between wide limits. 
In lignites rich in volatile matt»er (Schivelkohlen) it is on the average 
between 15 and 25 per coi\t. Bituminous coal bitumens are funda- 
mentally different, for they show little or no resinous or waxy 
characteristics. H. Potonie (1920) has explained this by the theory 
that the Carboniferous plants did not excrete resins and waxes of 
the montan wax typo. C. Englor and J. Tausz (1921), however, 
hold that the soluble brown coal bitumens, because of polymerisation, 
have become insoluble during the course of coalification. But 
Borl and Schmidt have shown that the artificial coalification of 
resins and waxes at temperatures even up to 400^^' C. do(^s not bring 
about any fundamental change iii the character of these substances. 
The permanent character of the resins is also indicated by the fact 
that they can be dek^ctod in bituminous coal, although not so easily 
as in peat and lower rank coals. According to R. V. Wheeler and 
R. Wigginton (1922) their proj>erties, as compared with the original 
vegetable resins, have changed ; they have become very much 
less soluble in ethyl alcohol, ether, etc., and have a higher carbon 
and hydrogen content than the parent coal. W. Francis and 
Wheeler (1926) isolated, from a Hamstead vitrain, yellow rods 
of resin, varying in length up to about 0-02'^ and with a diameter 
about one-tenth of the length. R. Thiesseii (1924) has also identified 
resins of microscopic size in a number of American coals. Little 
or nothing is known about the molecular structure of these resins. 

Sapeopelite Coals (Bogheads and Cannels) 

Geological and petrographic investigations have shown that 
some coals have been formed from the debris of the higher plants ; 
others, however, appear to have their origin in the residues of 
mioroplants (OUdgen). The former, which include both brown 
coals and bituminous cdoIs, have been termed humits coals, and 
the latter sapropelite coals. According to H. Potoni6, the sapro- 
pelite coals were formed from the “ rotten slime (Faulschkmm ; 
Greek, sapros — rotten) winch often accumulates in swamps. 
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G. Stadilikoff (1930, 1931) has suggested that this difference in the 
origin of the humus coals and the sapropelite coals is reflected in 
their different chemical characters. Following Fischer, he believes 
that the humus coals consist of bitumens and humus derived from 
lignin and that it is the humus material which gives phenols on 
destructive distillation. The sapropelite coals, on the other hand, 
consist of fatty acids and their transformation products and on dry 
distillation do not give phenols but paraffins and naphthenes. The 
primary tars from humus coals are rich in phenol ; e..g, the primary 
tars of genuine boghead coals contain about 2 per cent, of phenols. 
Many coals are probably of mixed origin and contain both humus 
and 8apro|X"-lite material. 

The Swelling of Bituminous Coals 

An interesting and commercially important property of certain 
bituminous coals is their power of yielding, on carbonisation, strong 
coherent cokes. Tins property, which is related to the rank of the 
coal, can be assessed approximately by the Crucible Swelling Test, 
which consists in rapidly heating over a bunsen burner one gram 
of the finely divided coal contained in a covered silica crucible. 
Fig. 3, Plato I, shows the results obtained by means of this test, 
in the case of fourteiu) coals covering a wide range of rank. The 
coal of lowest rank (60 per cent, of volatile matter) gave, on carbon- 
isation, a non-coherent powder : the second coal of somewhat 
higher rank (42 per cent, volatile matter) gave a non-swollen, friable 
coke button. Passing uj) the rank series, the coke buttons obtained 
were more and more s wollen and reached a maximum size with coals 
containing just over 20 per cent, of volatile matter. Still higher 
up the series, the amount of swelling decreased progressively until 
finally coals containing about 11 per cent, of volatile matter gave 
non-coherent powders. Why should this swelling property gradually 
develop and then disappear as the coal increases in rank ? Solvent 
extraction experiments have shown that this swelling and agglu- 
tinating property is due to the presence in the coal of substances 
which can be extracted by solvents such as pyridine, benzene, 
tetralin, etc. Fischer and Schrader have suggested (see Fig. 1) 
that the coking bitumens have been formed in the course of geological 
time from the waxes and resins present in the original vegetable 
matter. X-ray diffraction studies of coals and coal fractions have 
shown, however, that the coking coal bitumens consist of substances 
which bear little or no structural relationship to the waxes and 
resins. 

This X-ray evidence can be summarised briefly as follows. 
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The inner and more intense diffraction halo in the X-ray powder 
photograph of a coal is highly diffuse. If samples of the coal are 
heated to progressively higher temperatures and the products 
examined by X-rays, the half-peak width of this diffraction halo 
(i.e. its width at half the peak intensity) suffers systematic variation. 
It first shows progressive sharpening up to 550° C. followed by 
broadening up to 900° C. and a sulwequent sharjwning at still higher 
temperatures. The diffraction half-j)oak width can be used to 
calculate the height (c-dimension) of the hypothetical, average 
cyUndrical crystallite, i.e. the statistical unit of the ordered part 
of the coal structure. If this c-dimonsion is plotted against carbon- 
ising temporatui-e, a bituminous coal gives rise to a curve which 
shows a more or loss pronounced maximum (12 to 20 A) in the 
neighbourhood of a carbonising temperature of 550° G. Not all 
carbonaceous substances behave in this manner ; many, particularly 
those containing a large proiH)rtion of oxygen such as cellulose and 
lignin, give chars showing a constant c-dimension (about 9 A) 
over a wide range (400°-- 1 200° G.) of carbonising temperature. 
G/oals which contain a high proportion of coking <-oal bitumens show 
pronounced maxima in their r-dimension curves, particularly if the 
carbonisation is carried out slowly. Those phenomena indicate 
that, whei-eas chars from cellulose and lignin and other similar 
substances possess a rigid lattice structure, the bituminous coal 
bitumen molecules are sufficiently thermally stable and mobile to 
undergo a kind of unidimensional crystallisation in the temperature 
range up to 650" G., which results in the shar|iening of the inner 
diffraction halo. The fact that the bitumen molecules are thermally 
stable and retain their mobility and individuality up to temperatures 
which may be as high as 560° G. suggests that they are large, poly- 
nuclear aromatic molecules ; they must be highly carbonaceous 
but must contain some oxygen or nitrogen, otherwise they would 
volatilise rather than carbonise at 660° C. The proportion of 
oxygen or nitrogen is probably critical. The unidimensional 
crystallisation suggests also that the molecules have a more or less 
lamellar shape. The discussion of the further course of the c- 
dimension curve above 660° C. is outside the scope of this paper. 

The residual coal, i.e. the residue left after extraction of the 
bitumen with an organic solvent, shows an X-ray crystallographic 
behaviour quite different from that of the soluble bitumen fraction. 
As the carbonising temperature increases, the c-dimension shows 
a progressive, more or less slight, deore6ise and passes through a 
minimum at about 900° 0., above which temperature there is a 
pronounced increase. This behaviour is more reminiscent of that 
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of cellulose and lignin chars than of tlie coking coal bitumens, and 
suggests that the residual coal has a three-dimensionally cross-linked 
structure. 

A direct proof of these views concerning the molecular nature 
of coking coal bitumens is not easy. It has been shown, however, 
that dibenzanthrono, Fig. 4 molecular weight 456 ; 

C, 89*47 ; H, 3*51 ; 0, 7*02 per cent.), and certain other pure 
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organic cornpoiindH, all of which fulfil the above specification, on 
carbonisation show caking and swelling pro|)erties and X-ray 
crystallographic clianges which are remarkably similar to tliose 
exhibited by a bituminous caking and swelling (H)al. To what 
extexit this is a reflection of molecular similarity it is not yet possible 
to state, but it appears reasonable to supi)ose that similar types of 
molecules are involved, although diflerences in molecular weight 
may obtain. The jn’ojxM’ty |)osH 0 ssed by (ioking coals of forming 
strong and coherent cokes on carbonisation do|>ends upon the 
high -temperature film-forming properties of their bitumens, i.c. 
upon their high-temperature agglutinating power. Certain organic 
compounds possess agglutinating properties at lower temperatures, 
e,g. starch when heated forms a semi-liquid substance which con- 
sists of a tangled mass of complex pyranose chains, which still 
contains a relative^ high proportion of oxygen even when the chains 
have lost their molecular individuality and the mass has set (cross- 
linked) to a char at a relatively low temperature (about 250*^ 0.). 
As the temperature is still further increased, this oxygen is pro- 
gressively evolved as oxides of carbon, with a consequent weakening 
of the solid residue and the final formation of a weak and friable 
carbon. 

How have these coking coal bitumens been formed in nature ? 
They bear no chemical relationship to the resins and waxes present 
in the original vegetable ddbris, and it is unlikely that the develop- 
ment of caking and swelling properties in the coal is in any way 
connected with the presence of such substances in the parent 
carbonaceous material. It is more reasonable to suppose that the 
formation of coking coal bitumens is an essential stage in the anaero- 
bic degradation of vegetable d6bris under certain favourable con- 
ditions. The rapid maturing of young coals (which contain a high 
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proportion of oxygen), brought about by an excessive rise in tem- 
perature, would result in the formation of rigid “ carbon ” crystallites 
ratlier than of independent bitumen molecules. One would not 
expect to synthesise a vat dyestuff, or a similar compound, merely 
by the pyrolysis of lignin or cellulose ; it therefore appears 
improbable that coking coal bitumens have been formed by any 
rapid degradation process. The general tendency in a mass of 
decaying organic matter wiU be for the sj^stem to lose free energy 
by a process of aromatic condensation resulting in the formation 
of progressively larger polynuclear aromatic molecules with a con- 
comitant loss of resonance energy. This will result in a progressive 
weakening of the bonding of any |)eripheral groujis and offers an 
explanation of the gradual evolution of methane and carbon dioxide 
during coalification. Such changes will eventually lead to the 
formation of large polynuclear aromatic molecules possessing the 
critical proportion of oxygen, i.e. to the formation of coking coal 
bitumens. The cwsontial requirement of such a natural synthesis 
is that it should occur extremely slowly under anaerobic conditions, 
otherwise rigid carbon crystallites would be formed. 

There is definite X-ray evidence that certain of the most matme 
coals, viz. the anthracites, have passed through a coking coal stage ; 
e.g. South Wales anthracites must at one time have contained a 
high proportion of bitumen. It further appears probable from the 
X-ray evidence that the decrease in the proportion of coking coal 
bitumens as the coals mature has also been brought about by 
mountain-building forces. 

Fusain 

Fusain is one of the banded constituents of bituminous coal 
and occurs in irregular wedges lying along the bedding planes. It 
is very friable and readily breaks down to a powder which gives a 
black streak. The microscope reveals in fusain the original cell 
structure of the wood, but the cell walls are generally blackened 
and thickened and often split. Fusain has been formed from woody 
fragments which have undergone a form of degradation different 
from that obtaining in the case of bright and dull coals and which 
hau9 led to the formation of a charcoal-like product. Its moisture, 
volatile matter and hydrogen contents are lower than those of the 
accompanying bright and dull coals ; it yields a very small pyridine- 
soluble fraction and gives very little tar on destructive distillation. 
It has been suggested that fusain is a charcoal formed in forest or 
bog fires. Another view is that it has been formed from v^table 
matter, which before burial had been subjected to conditions dif- 
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ferent from thofife obtaining in the formation of bright and dull coals ; 
e.gr. it may have been subjected to dry rot as a result of the parent 
vegetable matter protruding above the level of the water in the coal 
swamp. 

The most significant fact about fusain is its low bitumen content. 
X-ray examination has shown that it gives a c-dimension curve of 
the cellulose char type, viz, the c-dimension remains constant at 
about 12 A over a wide range of carbonising temperature. This 
suggests either that a rigid crystal structure has been formed by an 
excessive rise in temj^erature whilst the parent material still con- 
tained a relatively high proportion of oxygen, or that possibly the 
degradation of the parent carbonaceous matter has occurred tinder 
prolonged aerobic conditions. 

Htjmin and Residital Coal 

Bitumen makes up only part of a coal ; the remainder of the 
coal, i.e. that part, which is insoluble in organic solvents, is termed 
the residual coal. It contains a proportion of oxygen higher than 
that present in the accompanying bitumen and it is probably 
structurally related to that group of complex substances knowm as 
the humic acids. 

• Soil humus is known to contain about 40 per cent, of humic 
acids and, in spite of many exhaustive investigations, its molecular 
structure is still obscure. Humic substances are formed during 
the natural decomposition of wood, cellulose, lignin, cfc., and are 
characterised by solubility in caustic alkali ; humic acids are pre- 
cipitated on the addition of excess mineral acid to the caustic alkali 
solution. Artificial humic acids can be prepared by a variety of 
methods and, although they show a certain similarity to the natural 
products, there is no proof of close chemical similarity. The acidic 
character of humic acids is shown by their power of salt formation ; 
the ferric and lead salts are basic in character and not readily dis- 
persed, whilst the silver salt, in contrast, has a tendency to pass into 
colloidal solution. The capacity of humic acids of forming ad- 
sorption complexes with salts makes exact studies difficult. Ac- 
cording to their behaviour with aqueous alkali, humic substances 
are classified as humic acids and humins ; the former are easily 
soluble in cold aqueous alkali, whilst the latter only dissolve on 
heating. The different alkali solubility of the burning has been 
interpreted by J. Marcusson (1927) in the sense that these sub- 
stances are dehydration products or anhydrides of humic acids. 
The decrease in the solubility in aqueous ammonia which ooouffs 
when the acid is dried at 106° 0. (W. Schneider and A. ScheUenberg, 
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1920) is ascribed to an alteration in the colloidal state of the sub- 
stance and not to anhydride formation. 

Humic substances when brought into contact with salt solutions 
display the property of hydrogen ion- or base-exchange. Ther 6 
seems to be little doubt that humic acids must be regarded as 
complicated aromatic carboxylic acids ; besides carboxyl and 
phenol groups, upon which the acidic properties depend, other 
characteristic groups, such as carbonyl and other oxygen-containing 
groups not yet identified, are also present. The composition of 
humic acids obtained from peat or brown coal is not as constant as 
that of a well-defined compound, but in many cases approximates 
to the empirical formula C 5 H 4 O 2 ; the nitrogen and sulphur always 
found in natural humic acids are now usually regarded as ad- 
ventitious impurities. 

In an investigation of Italian brown coals, T. Ubaldini (1937) 
found tlial^ carboxyl acidity is a function of their degree of humifi- 
cation ; it increases with tlie exkmt of the transformation of the 
original vegetable matter into humic substances and subsequently 
decreases gradually with the progress of coalifi cation. Phenolic 
groups, on the other hand, are already present in the parent sub- 
stance of the brown coals and the proportion decreases gradually 
during the humification process ; they arc still present in significant 
amounts in coals intermediate in rank between brown coals and 
bituminous coals. Ubaldini suggested the following approximate 
formula for humic acid : 

/(COOH), 

\cO), 

R. 0. Smith and H. C. Howard (1936) carried out equivalent 
and molecular weight determinations on samples of humic acids 
prepared from a bituminous coal by nitric acid oxidation. A 
sample dried from room temperature up to 160° C. gave an equivalent 
weight (electrometric titration) of 232 to 248. Oyosoopio deter- 
minations in pyrocateohol gave a molecular weight of 300 to 
360 for specimens dried from 160° to 200° C., but only 220 for those 
dried at 26° C. Acetone-soluble and -insoluble fractions gave 
equivalent weights of 210 to 277 and molecular weights of 190 to 
240 and 200 to 300 respectively in pyrocateohol.. The ethyl alcohol- 
soluble and -insoluble fractions of the ethyl esters gave molecular 
weights of 380 to 316 respectively in pyrocateohol. These authors 
suggested that humic acids consist of molecular aggregates, which 
dissociate in polar solvents, but resist the disruptive action of heat. 
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Osmotic pressure determinations (C. L. Arnold, A. Lowy and 
R. Thiessen, 1935) have indicated molecular weights of peat humio 
acids as high as 2700. 

* According to W. Sclmoider (1922) most of the German earthy 
brown coals can be more or less completely dissolved by a sufficiently 
long treatment with hot caustic alkali. The Upper Bavarian pitchy 
brown coals, which are of Tertiary origin and intermediate in 
character between the common brown coals and the younger bitu- 
minous coals, according to E. Erdmann (1924), are much less soluble 
in alkali and contain a much smaller proportion of readily soluble 
humic acids and a higher jrroportion of humins and residual coal 
than the soft brown coals. This decrease in alkali solubility with 
rank gave rise to the theory that the Immins are formed from the 
humic acids by the development of acid anhydride, ether and lactone 
groupings : the further change to residual coal (ReMkoMe) is caused 
by decarboxylation and further anhydride formation. If these 
processes are intra-molocular then they will involve molecular 
condensation. Drying at J ()()'' (1, heating in air at 250 ’ 0., heating 
in paraffin oil or in benzene under pressure, or by superheated steam, 
all convert humic acid into humins wliich can only be brought into 
solution again by heating in aqueous alkali or even only in molten 
caustic soda. 

W. Fuchs (1928) conceived humins as substances closely related 
to the humic acids, but containing no carboxyl groups, and ascribed 
to them the structure of reduced oxy-carboxylic anhydrides. 
Stadnikoff (1931) considered the humins to be intermediate products 
between the free humic acids and the humus coals and suggested 
the possibility of a purely coUoidal process being responsible for the 
decrease in alkali solubility, viz. the ageing of the humio acid gel, 
leading to the formation of a difficultly peptisable humio acid, 
without any essential change in the chemical nature. The three 
characteristic constituents of ordinary brown coal, viz. humic 
acid, humin and residual coal, have been termed by H. Staoh (1933) 
a, P and y humic acids respectively ; they differ from one another 
only in their solubility in aqueous alkali, otherwise specimens from 
the same coal show very close chemical relationship. Thoroughly 
extracted (debituminised) a and humio acids, on destructive dis- 
tillation, yield very little tar, whereas the y humio acids, on the 
other hand, give large jdelds of tars containing carboxylic adds and 
paraffins. It cannot therefore be concluded that sapropelitio and 
resinous materials (removed by the extraction) are exclusively 
concerned in the formation of the residual coal. 

W. A. Bone and co-workers (1927-37) studied the alkaline per- 
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manganate oxidation of residual coals obtained by the benzene- 
pressure extraction of coals covering a wide range of rank, and 
concluded from their results that the main (5oal substance ’’ (i.e. 
the residual coal) has an essentially benzenoid character, which 
increases progressively throughout the lignin“-->-peat'~>coal**-^anthra- 
cite series, a conclusion based upon the progressively greater yields 
of benzene carboxylic acids obtained as the rank of the residual 
coal oxidised increased. 

Although the residual coal obtained#from a mature coal is largely 
insoluble in alkali, it has long been known that gaseous oxygen 
or aqueous oxidising agents react with such coals, forming a pro- 
duct which dissolves in aqueous alkali ; apparently the humina and 
humic acids can be regenerated by oxidation. 

Conclusion 

An attempt has been made above to give a picture of the mole- 
cular structure of coals in terms of two constituents, viz. (a) the 
bitumen, i.e. that part of tlie coal soluble in organic solvents, and 
(6) the residual coal. In the younger coals, i.e. the peats and brown 
coals, the bitumens consist of resins and waxes similar in chemical 
character to the resins and waxes excreted by certain modern plants, 
whereas the bituminous coals contain bitumens which are essentially 
aromatic substances of high thermal stability and are responsible 
for the caking properties of these coals ; some resinous and paraffinic 
material is also present in these bitumens. The residual coal of the 
peats and brown coals is more or less readily soluble in alkali and is 
closely related to the humic acids and hurnins, whereas that of the 
bituminous coals is only soluble in alkali after a preliminary oxida- 
tion. The residual coal has probably a complex three-dimensionally 
cross-linked structure and its aromatic character is known to 
increase with the rank of the parent coal. In the mature bitumin- 
ous coals it appears to be closely related crystallographically to 
anthracite. 

Although we have described coal in terms of bitumen and residual 
coal, they should not be conceived as two disthict entities : in 
bituminous coals they are very intimately related and closely 
associated. It is possible by relatively mild hydrogenation (F. 
Fischer, K. Peters and W. Cremer, 1933) to increase the proportion 
of extractable bitumen or pseudo-bitumen. Hydrogenation of a 
residual coal gives further quantities of extractable bitumen (W. E. 
Bakes, 1933 ; T. Shimmura and H. Nomura, 1933). B. S. Biggs 
(1936) found that the humic acids obtained by oxidising with nitric 
acid the ether-soluble and -insoluble fractions of the Ijienzone extract 
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of a bituminous coal, and the insoluble residue from this extraction, 
were all similar ; mild catalytic roduotion at 350^ C. of the benzene- 
insoluble residue gtive pseudo- bitumens indistinguishable from 
those extracted from the original coal. These results suggest that 
the hydrogenation brings about some kind of depolymerisation 
of the complex, cross-linked residual coal with the formation of 
bitumen-like material. 

Nothing has been said above concerning the differonce in mole- 
cular structure between bright coals and dull coals. Certain dull 
coals, c.gr. Yorkshire durains, are devoid of any swelling properties, 
presumably because of the low proj>ortion of coking coal bitumens 
present. It is not possible, however, to generalise with regard to 
tliis ; the detailed investigations of K. Drees and G. Kowalski 
(1934) of Upper Silesian bright and dull coals, covering a wide 
range of rank, indicate surprisingly small difforonceH in the re- 
spective chemical and coking characteristi(!s of tliese two classes of 
coals taken from the same seam. The explanation of this probably 
lies in the higher proportion of sapropelitic material in the Upper 
Silesian coals as compared with the Yorkshire durains. 

Because of their complexity and heterogeneous character, much 
further detailed investigation is neccsmvry for the fuller elucidation 
of the molecular structure of the less-mature coals. In the case of 
the more mature bitixminous coals and the anthracites, however, 
there appear to be good prosjxects that X-ray diffraction methods 
will continue to yield results which will throw still more light on 
their ultimate structures. 



THE EYE AS A DETECTOR OF LIGHT. 
QUANTUM FLUCTUATIONS IN VISION 
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Outline of the Problem 

lx is a most common observation in biology that a living organistii 
does not always give the same response to a physical stimulus 
when the stimulus is ajiplied to the organism rejK^atedly. In the 
past it was generally assumed that the variability of the response 
was certainly due to changes in tlie organism itself and not to vari- 
ations in the stimulus. The main object of this paper is to discuss a 
particular case in which tliere is strong evidence that this conclusion 
does not apply. In the experiments to be described— the stimula- 
tion ‘of the retina, and of the organism, by light — it will be shown 
that the sensitivity of the organism may be constant, while the 
physical stimulus itself must be expected to undergo unavoidable 
variations from one trial to another. These physical iSuctuations 
are due to the quantum nature of light. Their magnitude is such 
that they can explain quantitatively the variability of response 
observed under the particular conditions of the experiments. 

In order to give a more concrete idea of the problem, an experi- 
ment may be briefly outlined. When our gaze is fixed on a particular 
point of the outside world, the image of this point falls into the 
fovea centralis of the retina ; and an image of the outside world is 
spread on to the whole of the retina by the dioptric system of the 
eye. Let us imagine then that we are in a dark room containing 
only two small sources of light. One of these is a continuous point 
source. The other is intermittent, giving from time to time a light 
flash of constant duration and intensity. We fix our gaze on the 
continuous source — ^the fixation point. In this way, the image of 
the fixation point is formed in the fovea and the retina is therefore 
kept in a constant position. Then, from time to time, the second 
source sends a flash of light and its image is formed in a peripheral 
part of the retina, which is the same for each flash. 

The periphery of the retina contains both rods and cones but, 
as is well known, the rods are generally the more important when 
amall quantities of light are under consideration [1], and we shall 
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here disregard the cones. The light of a flash given off by the 
intermittent source is partly absorbed by the visual purple which is 
contained in the rods of the region covered by the small retinal image 
of the source. It is this light fraction absorbed by visual purple 
which is effective in stimulating the rods and which thus constitutes 
the physical stimulus acting upon the organism. (The fraction of 
the light which passes through the rod layer without being absorbed 
is eventually stopped by the black pigment lining the walls of the 
eyeball ; it is there transformed into heat and lost as far as the 
visual process is concerned.) 

Now it might be thought that in such a way it would be possible — 
by using special precautions - 4o deliver to a given part of the retina 
exactly the same amount of light each time a flash is emitted, the 
retina absorbing a constant fraction of the constant amount of light 
striking it. It will be seen presently, however, that it is not so. 

It is impossible to make the retina absorb the same amount 
of light, that is, the same number of quanta, in each trial. Con- 
sequently, even in the absence of any biological variations, the 
response of the organism to the flash cannot be expected to be 
always the same. Near the limit of visibility the flash will sometimes 
bo seen, and sometimes not. 

To make the meaning of this clear, a simple analogy might 
perhaps be used. There are slot machines which deliver a ticket 
when, say, G pennies have been inserted into the slot. As a rule, 
when a stimulus of 6 pennies is applied to a machine of this 
kind, it will always give, as a “ response a sixpenny ticket. 
Imagine now a macliine such that sometimes we do not get our ticket 
after inserting 6 pennies but we get it only after inserting more 
than 6, say, 9 pennies. On the other hand, imagine that this 
machine sometimes delivers a ticket after we have inserted less 
than G pennies, say, 3 pennies or 1 penny. The obvious conclusion 
would be that the state of the machine varies from time to time. 
Sometimes unused pennies may have been left in it ; so that its 
“ threshold,” that is, the number of pennies which must be in- 
serted to obtain a response, is then lower than 6. At other times 
the mechanism of the machine may have become “ sticky ” : the 
machine is then less sensitive and needs a greater stimulus to give a 
response ; its threshold is higher than the normal threshold of 
6 })ennies. 

If we insert 6 pennies in the slot and sometimes get our ticket, 
while at other times we do not get it, we have no doubt that the 
cause of this imgularity must be in the machine, because we know 
that we have placed into the slot machine exactly 6 pennies each 
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time. In what concerns the stimulation of the retina by light, 
however, the whole point is that it is physically impossible to 
deliver to it exactly the same amount of light, say, 6 quanta, in 
each trial. And in this case we are therefore not justified in con- 
cluding that the variability of the response — that is, the fact that at 
the limit of visibility a light is sometimes seen, and sometimes not — 
is necessarily due to a variability of the organism. 

As is universally known, the modem theories of quantum physics 
state that every emission or absorption of light by matter can be 
traced down to individual processes, each of which involves one 
single , quantum having an energy hv (h being Planck’s constant of 
action and v the frequency of the radiation which is considered). 

This means, in other words, that light behaves in its interaction 
with matter as if having a corpuscular nature. The filament of an 
electric lamp does not emit a smooth, homogeneous flux of light. 
On the contrary, it emits light rather in the way a machine gun 
emits bullets. In a given time, the filament emits a discrete number 
of these bullets, or quanta. 

During one second, an ordinary electric bulb emits a large 
number of quanta of visible light. The number is of the order of 
10^®. In any particular second, therefore, the filament may emit 
for instance, a number of quanta such as 

1 0,281 , 1 83,942,006,252,729 quanta, 

^or 12,073,461,023,419,493,146 quanta, 
or 12,073,461,023,419,493,147 quanta; 

that is, always an integer number of quanta. But the filament 
will not omit fractions of quanta, such as for instance 

12,073,461,023,419,493,146*36 quanta. 

The same applies to absorption of light by matter. When a beam 
of light passes through a layer of absorbing substance, for instance 
a coloured liquid, a discrete number of quanta are absorbed by the 
substance. The least amount of light which can be absorbed is 
one quantum hv. The amount of light absorbed therefore is 
either 0 or 1, 2, 3, 4, 5, . . ., or any integer number of quanta. A 
fraction of a quantum cannot be absorbed. 

Now, needless to say, the energy of one quantum of visible light 
is very small. For a wavelength X — 0*610// (the wavelength of 
blue-green light), for instance, it is 

hv = 3*84 X 10“v^* erg. 

And, as has been seen, the number of quanta emitted by ordinary 
sources of light, such as electric bulbs, is correspondingly very 
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large. This number is so large that it might have been thought that 
the quantum emission or absorption of light is of purely theoretieaJ 
importance and has no consequences or, at least, no direct con- 
sequences, observable in experiments — for the same reason as 
Brownian movement is generally not observed in the case of ordinary 
macroscopic particles of matter made up of a very large number of 
molecules. 

It will be seen presently, however, that the sensitivity of the 
eye is extremely high, so high in fact that the above remark is not 
applicable in its case. For a number of quanta of the order of 
10 only, absorbed by the retina, can produce a visual response of 
the organism. Under such conditions, physical fluctuations of 
considerable magnitude take place, from trial to trial, in the number 
of quanta actually absorbed by the retina. 

These fluctuations occur because the quantum processes of 
emission and absorption are individual indej)endent processes. A 
fraction of a quantum cannot be absorbed. All quanta— of light 
of one frequency — are the same. A quantum will either be absorbed 
entirely by the retinal rod layer or will not be absorbed by it. But 
it cannot be predicted which will be the case. There is merely a 
certain probability of the quantum being absorbed by the retina. 
It follows that different numbers of quanta can be absorbed in 
different trials ; for instance, it may happen by chance that none 
of the quanta be absorbed. In fact, there is a finite probability 
of any integer number of quanta being absorbed, and tMs probability 
can be calculated, on pure probability grounds, from a knowledge 
of the average number of quanta absorbed by the retina under 
constant experimental conditions. In contradistinction to this it is 
clear that if light were emitted and absorbed as a continuum, the 
retina could absorb a constant fraction of the light from the source 
and this amount of light absorbed would then bo exactly the same 
in each trial. 


Sensitivity of the Eye 

Laboratory measurements show that, through a non-absorbing 
atmosphere, a man could see a standard candle at a distance of 
about 26 kilometres [2]. (Incidentally, it can easily be calculated 
from this result that a powerful searchlight directed from the moon 
to the earth should be visible here with the naked eye [3].) 

The dimmest stars which can be seen with the naked eye, under 
special conditions of observation, are those of magnitude 8*6 [4]. 
Such a star produces at the eye an Ulumination which is about 
10“^ times the illumination produced by the sun [3]. 
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In terms of energy, the least flux of radiation which must 
strike the eye in order that a point source of light be seen is of the 
order of 

10“* erg per second [2, 6]. 

In comparison, sensitive thermopiles need a flux of about 10" * 
erg/sec. to give a galvanometer deflection [3]. 

Other detectors of light, such as certain photon counters, are 
more sensitive than thermopiles. It is still an open question what 
the limit of performance of these detectors exactly is, and whether 
it really compares with that of the eye. 

Wien, a student of Helmholtz, appears to have been the first 
to have estimated, in 1 888, the value of the minimum flux of energy 
which the eye receives from the faintest visible stars [6]. During 
the same year, Langley, the American astrophysicist, was using the 
bolometer — which he had just invented — to measure the absolute 
threshold of the eye in the laboratory [7]. 

Wien had made measurements of the sensitivity of the ear (6, 8] 
and he wanted to know whether the eye was as sensitive as the 
ear. In fact, both sensitivities are of the same order of magnitude, 
10" • erg/sec. It may be remarked that in the case of hearing, this 
energy flux corresponds to an extraordinarily small amplitude of 
the air waves, namely, about 10"* cm. or 1 Angstrom unit, which 
is the order of the dimensions of the air molecules themselves. It 
may be pointed out that the problem of the limit of performance 
of the ear is worth re-examining. This should be done in conjunction 
with the theory of Brownian movement and the theory of fluctuations 
evolved by Smoluohowski and Einstein. It would appear that, so 
to speak, we are possibly not very far from being able to hear the 
bombardment of the air molecules on our eardrum [9]. 

Coming back to the eye, as we have seen, a point source of light 
sending into the eye an energy flux of about 10 erg/soc. can 
be seen. It will be remembered that 1 erg is approximately equal 
to the energy necessary to lift a mass of 1 milligram to a height of 
1 centimetre. An amount of light equal to one thousand-millionth 
of this small quantity per second is thus enough to produce a visual 
response. In terms of quanta, this minimum flux of light corre- 
sponds to a few hundreds of quanta per second. 

Interesting as this information may be from a general and 
from a practical point of view, it remains vague from the physio- 
logical point of view. For it leaves undefined what region of the 
retina is stimulated by the faint luminous image formed on it. 
Furthermore, the time relationships are also left undefined, for the 
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second is of course an arbitrary unit without natural physiological 
significance. 

The existence of the saccadic movements of the eye must be 
borne in mind in this connection. Under ordinary conditions of 
vision the eye, after moving very rapidly, stops in a given position 
for a duration of the order of one-tenth of a second. Then it moves 
rapidly to another position ; this is followed by another brief stop ; 
then on again, and so on. The duration of one of the stops, O-l 
second, is of the same order as the “ retinal action ” time. 

The “ retinal action time ” is the time during which summation 
of the effects of light occurs in the retina [10]. When the exposure 
is shorter than the retinal action time, all that matters for the 
outcome of the experiment is the total amount of light received by 
the retina, that is, tlio product of the light intensity by the exiwsure 
time. 

It apjwars that the saccadic eye movements must introduce 
complications of the following kind. When we look at a star in 
an ordinary way, these jerky displatsements of the eye cause a 
successive series of discrete pictures of the star to be formed on 
various j)oints of the retina, eadh picture being made with an exposure 
time of the order of 01 second. Thus, if we look at a star for a 
minute or so, hundreds of successive, discrete light images of the 
star can be formed on the retina. But, of all these, only a few 
may have reached the threshold of stimulation of the retina. And, 
by prolonging the time of observation, the chance of having at least 
one successful exposure increases. Accordingly, dimmer stars may 
be seen when the time of observation is increased, this effect occurring 
purely on the grounds of probability, without any temporal summa- 
tion of the retinal effect of light over such protracted periods — which 
are much longer than the retinal action time. 

Among other things, these considerations show that, in order 
to determine the minimum energy necessary for the stimulation of 
the retina, special control of at least the temporal and spatial factors 
must be achieved. This is obviously necessary if it is desired to 
interpret the results in terms of quantum fluctuations. Every 
source of variation, which can be removed, must be removed from 
the experimental conditions. 

In particular, continuous sources of light must not be used. 
Brief flashes of light must be presented to the subject of the experi- 
ment. The duration of the flashes must be shorter than the retinal 
action time. The method of fixation and flash outlined at the 
begiiming of this paper must be used. 
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Measurement of the Minimum Energy necessary for Vision 

It may be advisable to describe briefly the new determination 
made recently by Hecht, Shlaer and Pirenne [11] of the smallest 
amount of energy necessary for a visual response. Only the essentials 
can be given here and the reader must be referred to the original 
paper for details on a number of points. 



Fia. 1. — OpticfU Bysteni for rnoafluriiig imiiiniiim energies netiossAry for vision. 

Tho «yo at th« pupil F fixaton Uut rcid point FF and obHorves tho test field formed by the leua FL 
and the diaptiraKUi D. The Jl^fht for thl» field comoH from t!ie lamp L through tlio ueutriil filter F and 
wedge W, trough the double luouochromab^r MxM^ and in eoutrolled by the Hiiutter S. 

(Frrm »hj.arr and Pirknnk fUJ ) 

Pig. 1 gives a diagram of tho apparatus. The light source is a 
riblion filament lamp L run on a constant current. By means of a 
lens the light is focused on tho slit of a double monochromator 
and finally falls on to the artificial pupil P. The artificial pupil is a 
circular hole, 2 mm. in diameter, drilled in a metal plate. As this 
aperture is smaller than the pupU of the eye, the variations in the 
size of the latter need not be taken into account in the measurements, 

Tho subject of the experiment sits in a dark room containing the 
apparatus. His heewi is kept in a fixed position in the following way. 
An impression of his upper jaw is taken in hard wax before the 
experiment and rigidly attsiched to the apparatus. When he sits 
for the experiment, he takes the dental impression between his 
teeth. His left eye is then next to the artificial pupil P. 
subject looks through P at the fixation point FP which is a (Km 
point source of red light. He may then see lateridly the lens FL 
filled with light. This lens, suitably diaphragmed, (wnstitutes the 
test field. 

Thus the position of the head is fixed by the use of H»e dental 
impression, and the position of the eye in its orbit is fixed and is 
the same each time the subject directs his gaze at the fixation point. 
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In this way we succeed in keeping the retina in a definite, reproducible 
position while we make a certain amount of light strike a specified 
region of it — ^the optical image of the test field. 

Using such an arrangement, the lens FL is seen by the subject, 
as a uniformly illuminated field. The light intensity can be varied 
by using neutral filters F and the neutral wedge W. The exposure 
time is fixed by the precision shutter 8, which allows the light to 
pass for one-thousandth of a second when the subject releases a key. 

Energy calibrations are made essentially by replacing the eye 
by a thermopile, the light intensity being made as high as possible 
by removing the neutral wedge, etc. ; the artificial pupil being also 
removed. The same thermopile is afterwards subjected to the 
radiation of a standard lamp omitting a known amount of radiant 
energy and the galvanometer deflections in the two cases are com- 
pared. On this basis, a straightforward calculation gives the amount 
of energy passing through the artificial pupil, and striking the eye, 
in the experiments. 

From the point of view of the subject, the result of all these 
arrangements is fairly simple. In the surrounding darkness the 
subject sees nothing but the red fixation point FP (Pig. 2). When, 

. o 

FP FL 

Fia. 2 . 

having fixed his gaze on FP, he releases the shutter key, he sees for 
an instant “ with the corner of his eye ” a small patch of light, the 
test field FL. It may also occur, of coarse, that the subject sees 
nothing at FL under these conditions — when the light intensity in 
the test field is too Jow. In any case, the experimenter knows in 
each trial the (nominal) amount of light energy which, coming from 
the test field, has struck the cornea of the subject. As will be seen, 
a complete experiment involves the presentation of several hundred 
flashes of various nominal energy contents. While it might perhaps 
be thought that it should be easy for the subject to say whether or 
not he has seen the test field, in fact it is not so, and a considerable 
amount of concentration is required. 

In order to reach the smallest possible value of the light energy 
necessary for a visual response, the following physiological oonditiohs 
were chosen ; 

(1) Complete dark adaptation of the eye. The subject waited 
three-quarters of an hour in the dark before the experiments were 
begun. 
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(2) Light of wavelength X — 0-610 fi, to which the retinal rods 
are most sensitive, was used. 

(3) The angle-(flxation point)-eye-(te8t field) was 20“. Under 
these conditions, the image of the test field fell into a peripheral 
region of the retina, containing many rods, 20“ from the fovea. 

(4) The circular test field, defined by the diaphragm D in front 
of the lens FL, had a diameter subtending an angle of 10' of arc 
at the eye. 

(6) The flash of light illuminating the test field lasted for 0-001 
second. 

Only trained and reliable observers were used as subjects in 
the experiments. Very special precautions were taken from the 
psychological point of view. These psychological conditions cannot 
be described here, but most of them are really a matter of common 
sense. They aimed at preventing fatigue in the subject, and at 
bringing him back to the highest possible state of attention each 
time a flash was presented to his eye. 

For seven subjects, the minimum amounts of energy necessary 
for vision have thus been found to range Ijetween 

2-1 and 6-7 x 10 erg. 

Referring to the above-given value of the quantum for the wave- 
length X = 0-610 //, this corresponds to numbers ranging between 
64 and 148 quanta. These quantities represent the nominal energy 
content of a single flash striking the cornea, under conditions where 
60 per cent, of the flashes are setm — and 40 jjer cent, are not seen — 
by the subject. 

The minimum amount of energy necessary for vision must be 
defined in such a statistical manner because, even in the best-con- 
trolled experiments, there is never a sudden jump from a nominal 
intensity at which the light is never seen to a nominal intensity at 
which it is always seen. On the contrary, there is a smooth transi- 
tion from one to the other as the setting of the wedge is progressively 
changed to make the light more and more intense. For any nominal 
intonsity in this region of transition, the light is sometimes seen, and 
sometimes not seen. The region of transition has a considerable, 
extent, far beyond any experimental error. The intensity must 
be increased by about a factor 10 to pass from conditions where the 
light is practically never seen to conditions where it is almost alwajrs 
seen. This is the experimental variability of response which will 
be discussed presently in connection with the theory of quantum 
fluctuations. 
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Action of the Light on the Retina in these Experiments 

In order to find what is the physical stimulus acting directly upon 
the organism, we must determine the fraction of the above amounts 
of light which is absorbed by the retina. The losses of light wliioh 
occur by reflection at the cornea and by absorption in the optical 
media must first be taken into account. They are of the order of 
50 per cent. In what concerns the rod layer in the retina, it is very 
likely that not more than 20 per cent, of the light which reaches it is 
absorbed by it, 80 per cent, passing through and being lost. This 
value has been obtained in two different ways which agree reasonably 
well. A direct estimate has been made on the basis of the data of 
investigators who extracted visual purple from the retina of rats, 
rabbits and, in one case, of man. An indirect estimate was obtained 
by comparing the shape of the visibility curve of the dark-adapted 
eye with the shape of the spectral absorption curve of visual purple 
at different concentrationH. The reader must be referred to the 
original paper [11] for details of these calculations, which are of 
crucial importance, but which, from the nature of the case, cannot 
be ex piloted to have jx’rfect accuracy, since all eyes cannot be 
assumed to be identical in this respect. It appears, however, that 
the value of 20 jier (?<^^nt. absorption is probably an upper limit. 
Using it, we find t hat at the threshold the nominal number of quanta 
absorbed by the visual {)iirple in the rods is only 5 to 14 quanta. 

We must see now how these quanta act uj>on the retina. The 
image of a test field whose diameter subtends an angle of 10' at 
the eye, covers on the retina an area containing about 500 rods. 
Each of the 5 to 14 quanta thus absorbed in the given retinal area 
has about the same chance of being absorbed in any one rod. It 
may therefore happen that several quanta are absorbed in the same 
rod. It might therefore be suggested as a possibility that a stimula- 
tion sufficiently strong for the light to be seen is produced in the 
optic nerve only when at least two quanta are absorbed in one and 
the same rod. But this suggestion must be rejected, for the following 
reason : in terms of the total number of rods available and of the 
number of quanta involved, it is an easy matter to calculate the 
probability of having two quanta absorbed together in any one of 
the rods. The probability will be very small, much less than 00 
per cent., in fact, which is the frequency with which the light is 
seen in the experiment. It appears therefore that such a ** double 
hit ” cannot be a necessary condition of an adequate stimulation, 
Furthermore, by reducing the size of the test field, the number of rods 
involved is decreased. This in turn increases the probability of 
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a double hit. Yet the threshold energy for smaller fields is not less, 
but rather more than that for the 10' field. This appears to rule 
out the possibility that a double hit be the condition for stimulation. 

Thus the light is seen when each of the 5 to 14 quanta is absorbed 
in a different one of the 500 rods covered by the image of the test 
field. 

We are therefore led to enquire about the effect produced in a 
single rod by the absorption of one single quantum. According to 
the photo-equivalence law of Einstein, when light acts upon a 
chemical substance, for instance, when it bleaches visual purple, 
the initial process consists in the absorption of light, in quanta, by 
the individual molecules of the substance. One may therefore state 
that, when one quantum is absorbed in one retinal rod, only one 
molecule of visual purple is affected in the initial stage. But this 
single molecule, thus transformed by light, may be able to start a 
series of physico-chemical reactions involving other molecules, and 
leading eventually to some form of nervous stimulation. As a 
reactive system, a retinal rod thus reaches the absolute limit of 
sensitivity set by the quantum and molecular theories. 

Anatomical studies show that in the vertebrate retina, many 
rods converge through a nervous relay station on to one single 
fibre of the optic nerve [12]. Electro-physiological exj^riments also 
show that one nerve fibre has in the i*etina an extended receptive 
field, inside which summation of the effects of light can occur [13]. 
It may l>e concluded, therefore, that when a number of rod cells has 
been stimulated, eacjh by the absorption of a single quantum, a 
summation of their individual stimulations takes place at the level 
of the nervous relay station. The stimulation can then spread to 
other parts of the nervous system, and the organism responds to the 
flash of light. 

The events which take place in the threshold exj>oriment8 may 
therefore be tentatively imagined as follows : In each of a number 
of rods among the group of 500, one quantum is absorbed by one 
molecule of visual purple. In each of those rods this molecule starts 
reactions leading to tW stimulation of the nervous structure of the 
rod cell. A single stimulation of this kind is not capable of itself 
of overcoming the barrier on the way to the higher nerve centres. 
However, a summation of the individual stimulations occurs at the 
level of the relay cell to which the rods are connected. When 
the number of rods simultaneously stimulated is large enough the 
stimulation of the relay cell is propagated by an optic nerve fibre 
to higher nerve centres, so that eventually the subject signals that 
he has seen the light. 
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The lowest possible state of activity which can be produced in 
the optic nerve is the discharge in one single impulse by one single 
fibre. It is not known whether the threshold stimulation discussed 
here corresponds to this very minimum, or to a greater state of 
nervous activity. But, for any given biological state of the organism, 
this nervous stimulation which will make the subject signal “ seen ” 
must, whatever it is, have a certain definite value. 

Quantctm Fluctuations 

When a sufficient stimulation is produced in the optic nerve, 
the subject signals that he has seen the light. In order to produce 
such a nervous stimulation, a given number n of quanta absorbed 
by the retina are, in turn, needed. This retinal threshold n has 
been estimated above as ranging in difierent subjects between 6 and 
14 quanta. When n or more quanta are absorbed, therefore, the 
organism gives a response. When less than n quanta are absorbed, 
there is no resjtonse. Tlie threshold n may vary from trial to trial, 
even in the course of the same experiment ; but it must have a 
definite value for each particular trial. 

Let us assume now that in all the trials made in a given experi- 
ment with a given subject this retinal threshold n is constant, and 
is for instance n — 6. It has been said already that, on the basis of 
quantum theory, it is not possible to set up conditions such that 
for each flash the retina would absorb a constant number of quanta, 
say 6. (And it would be quite impossible to arrange for a constant 
number of quanta to be absorbed by any purely physical apparatus 
instead of the retina.) In order to demonstrate this in a particular 
case, let us assume that in a series of flashes a number of 30 quanta 
each time reaches the layer of rods in the retina, and that the visual 
purple in this layer absorbs 20 jjer cent, of the light incident upon it. 
Absorption of light occurs by independent quantum processes. In 
each of these processes, one of two things must happen : either the 
quantum is absorbed, or it is not. An absorption of 20 per cent, 
simply means that each quantum has 20 chances in 100 of being 
caught by one of the molecules of visual purple, and 80 chances of 
passing through the layer and escaping free. It is true that on the 
average a number, equal to 30 x 0-20 = 6 quanta, will be absorbed 
by the rods, while the remaining 24 quanta come through. The 
value 6, however, represents simply the mean of the numbers 
actually absorbed in a large number of trials. To take an exitreme 
case, it might happen by chance that all 30 quanta got throiigh the 
rods, none being absorbed by them. Since each of the quanta has 
a probability equal to 4/6 of not being absorbed, and these proba- 
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bilitiea are independent of one another, the probability of all 30 
quanta passing through is obtained simply by taking the product 
of all the probabilities relating to each quantum separately. This 
product is (4/6)’*® ; this is a small, but finite number. It is also 
possible, but improbable, that all 30 might be absorbed ; the 
probability here is (1/6)®®. The actual number of quanta absorbed, 
in other words, may vary each time. It may have any value 
between 0 and 30 and the probability of occurrence of each value 
can be calculated. 

Tliis is enough to show that the number of quanta exciting the 
retina is bound to vary even when all conditions are kept rigorously 
constant. It can bo shown on similar grounds that it is also impos- 
sible to set up a source of light emitting a constant number of quanta 
in a constant period of time. It is therefore impossible to cause 
a constant number of 30 quanta to reach the retina in each trial, as 
assumed in the above argument. But this only emphasises still 
more the variability of the number of quanta absorbed by the 
retina, which this argument was precisely designed to demonstrate. 

Referring again to the simile of the slot machine, such a varia- 
bility would mean there that it would be impossible to insert always 
exactly 6 pennies in the slot. Sometimes the number inserted would 
be 6, sometimes 7 or moie, sometimes 6 or less, sometimes even 0. 

There is no way of restraining quantum fluctuations. If a large 
number of quanta is involved in emission or absorption, the varia- 
bility of this number on a jiercentage basis will be less than in the 
case of a smaller number of quanta. This follows from pure 
considerations of probability. A pow^erful source of light emits 
very large numbers of quanta : the number of quanta emitted in 
unit time, that is, the intensity of the source, can therefore have a 
very high degree of constancy on a percentage basis. The use of an 
intense light source, however, .would be of no avail in attempts to 
deliver constant small numbers of quanta to the retina, because 
the inttuisity would have to be cut down by absorbing a large 
proportion of the light on its way to the eye ; the variability would 
then reappear for the same reasons as were given ^ibove. 

In fact the variability, under constant experimental conditions, 
of the number of quanta absorbed by the retina depends only upon 
the average or nominal number of quanta absorbed. It does not 
depend on what occurs to the light before it is absorbed. Moreover, 
for any given nominal number — which being an average can be 
fractional— the actual number may be 0, or 1, or 2, or 3, or any 
other integer. There is no upper limit to the value of this number. 
Actual numbers of quanta much lugher than the average number are 
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not impossible because, among other reasons, the source of light 
may suddenly emit by chance many more quanta than the average. 
On the other hand, it is always possible that the actual number may 
be zero, because as has been seen, the quanta reaching the retina 
may by chance all fail to be absorbed. The more the actual num- 
ber differs from the average number, the leas likely it is to occur, 
however. Absorption of numbers of quanta much larger than the 
average is highly improbable. 

Freqttency-of-Sbeino Curves 

For any value of the nominal average number of quanta absorbed 
by the retina, the actual number fluctuates, being any integer 
from zero upwards. A formula, derived by the mathematician 
Poisson, applies in the present case and gives, in terms of the nominal 
number a alone, the probability that the actual number will be any 
number x chosen for consideration. This probability is equal to 
aP/ef^x!. When the nominal number a is 6, for instance, the 
probability that the actual number x will be 0, 1, 2, 3, 4, or 5, is at, 
onoe obtained using the Poisson formula. /Fhe probability of 
X 0 is found to be 0 002 ; that oi x -= 1 is 0*015 ; that of x — 2 is 
0*045 ; that of x — 3 is 0 089 ; that of x ^ 4 is 0*134 ; that of 
X 5 is 0*161. The sum of these various probabilities, 0*446, is 
the probability of the actual number being less than 6. If this 
composite probability is then subtracted from unity, the result, 
of course, is the probability that the actual number x will be 6 
or more, when the nominal number is 6. This probability is 
(1 — 0*446) 0*554. Thus if the retinal threshold n of the subject 

is constantly equal to 6 and if constant conditions, chosen so that 
the retina absorbs on the average a number a — 6 quanta, are 
maintained, the subject will see the light in about 55 per cent, of the 
trials and he will fail to see it in about 45 per cent. — even though 
his threshold n, or his sensitivity to light, is assumed to be invariable. 

For any other value of the nominal number, the probability 
of 6 quanta or more being absorbed can be calculated in the same 
way. When those probability values are plotted against the 
corresponding nominal numbers, a curve is obtained showing how 
the probability of seeing the light must vary with the light intensity. 
The curve marked 6 in Fig. 3 has been calculated in this way. Its 
ordinate is the probability of 6 or more quanta being absorbed ; its 
abscissa is the logarithm of the nominal number of quanta absorbed. 
(The logarithmic scale is used for reasons which ‘^11 be apparent 
later.) For the nominal numbers smaller than 1*6 (1*6 corresponding 
to 0*18 on the abscissa scale in log units), the probability is almost 



THE EYE AS A DETECTOR OF LIGHT 


619 


zero. As the nominal number inoreases above this value, the 
probability inoreases rapidly, reaching almost to unity (or 100 per 
cent.) for a nominal number equal to 16 (corresponding to M8 on 
the abscissa scale). 

In calculating the curve just considered it was assumed all 
through that the retinal threshold was n = 6. Similar curves 
corresponding to different values of n can again be calculated in 
the same way. They are given in Fig. 3 for n var3dng from 1 to 9. 
As the number n increases the curve is displaced as a whole towards 



Log average number hu per f/ash 


Fia. 3. — I*oi»8oa probability clistributionR. 

For any average number of quanta (hv) per flaHh, the nrdlnabw give tlip probald 1 1 Me. ^ that the flash 
wlU deliver to the retina n <jr more quaiita, depending on the value OHHVuned for n. 

(From Hkoht, Shlakii atid FlRKNNK IJIJ.) 

higher abscissa) values. The intermediate S-shaped region of the 
curve also becomes steeper. (If there were no quantum fluctuations 
these S-shaped curves of course would each be replaced by vertical 
lines at the particular value of the abscissa corresponding to the 
retinal threshold, the probability of seeing jumping from zero to 
unity along this line.) 

Now for a given subject, at one sitting, it is possible to determine 
experimeptally, point by point, the curves giving the frequency 
with which the light is seen in terms of the intensity of the flash. 
These curves — ^which have been mentioned in the paragraph on 
experimental measurements — can then be compared with the 
theoretical curves of Fig. 3. 
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In order to do so only the nominal number of quanta striking 
the cornea in the trial, not the nominal number a absorbed by the 
retina, need be known. The frequency curves are plotted against 
the logarithm of the flash intensity-arid their shape is compared with 
the shape of the theoretical curv^» The shape of the curves is 
then independent of the intensity units used because of the use of 
this logarithmic scale. (For, when intensity units are changed, all 
intensity values are multiplied by a constant factor. Such a 
multiplication is equivalent to the addition of a constant quantity 
to the values on a logarithmic scale. This merely shifts the curves 
bodily along the scale.) An independent estimate of the value of 
the retinal threshold n can therefore be obtained by such a 
comparison. 



Fio. 4.— -Relation between the average energy content of a flash of light (in 
number of hv) and the freijiicncy with which it is seen by three ohservers. 


Each point represent H fiC flaslies. The curves are the Poisson dlstrlbutlonB of Fig. 8 h)r n values of 
h, 6 and 7. 


{f'nmi Hhoht, Khlabr atui Pimnn* [U],) 


In Fig. 4 the frequency-of-seeing curves obtained with three 
different subjects are compared with curves calculated on the basis 
of purely physical fluctuations, as has just been explained. The 
circles represent the measurements, and the continuous lino the 
probability curves calculated for retinal thresholds of » = 6, n = 7, 
and n = 6 respectively. The shape of these particular theoretical 
curves agrees well with that of the experimental curves. 

If the retinal threshold n was constant in each of the experiments, 
as assumed in the calculation of the curves, it may then be concluded 
that n has respectively the values 6, 7 and 6 for the three different 
subjects. This is in good agreement with the direct determination’ 
of n, which gave values ranging from 5 to 14 quanta. 

Suppose the frequency-of-seeing curve of a partioular subject 
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hapS a shape corresponding to n 6. Suppose, secondly, that it 
could be accurately established by the direct method that in the 
same experiment the average number of quanta absorbed by the 
retina at the threshold was also equal to 6. It would then be 
definitely proved that the retinal threshold n was constant and equal 
to 6 in this experiment, and that the uncertainty of seeing the light 
was entirely due to "physical fluctuations. The direct determination 
of the number of quanta absorbwi by a living retina is, however, 
comyjlicated by unavoidable jincertainties. It cannot therefore be 
established with certainty whether or not n remains constant during 
one of these experiments, and whether or not the physical fluctuations 
are the sole cause of the observed frequency-of-seeing curves. The 
accuracy of the data, however, is sufficient to prove that the physical 
fluctuations are of very considerable magnitude and play a major 
r61e in the exjieriments. 

It may be worth pointing out that constancy of the retinal 
threshold n does not imply perfect constancy of the organism, for 
n cannot vary by less than unity. If n, for instance, changes from 
6 to 6 or from to 7, these are variations of more than 15 ptir cent. 
If a numerical value may be ascribed to the sensitivity of the nervous 
mechanism connected to the retina, this sensitivity might therefore 
vary by, say, ± 15 per cent, without bringing about a change in the 
value of n. The analogy of the slot machine responding to a certain 
number of pennies may make this clear. Concerning the way in 
which biological variations of n should be taken into account in the 
calculations the reader is referred to the original paper [11], 

As was said at the beginning of this paper, in the past it was 
generally assumed that, when an organism gave a variable response 
to a physical stimulus, the variability must bo due to the organism, 
while the stimulus was taken to be constant. The present results, 
on the other hand, show that in the case discussed the orga-nism may 
possibly be constant while the physical stimulus certainly undergoes 
wide and unavoidable fluctuations. 

Fluctuation phenomena are very important throughout modem 
physics. They are observed in the case of electrons, a-particles, 
molecules, as well as quanta. On account of the very higli sensitivity 
of the eye, it is therefore not surprising that one should find quantum 
fluctuations operative in its behaviour in certain circumstances. 
The study of these fluctuations opens a promising new field in the 
physiology of vision [14], 
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A SHORT HISTORY OF THE TASMAN 
GEOSYNCLINE OF EASTERN AUSTRALIA 

By W. R. BROWNE, D.8o. 

fUiodeT in the Departvmnt of Geology, Univer$ity of Sydney 

Introduction 

Through much of geological time many parts of the area now 
occupied by Australia and the adjacent lands and seas were covered 
by basins of deposition both marine and terrestrial. Passing over 
the Early and Middle pre-Cambrian sedimentation, the conditions 
of which are by no means clear, wo find evidences of an Upper 
pre-Cambrian marine trough running north from Kangaroo Island 
and the Mt. Lofty Ranges in South Australia and turning sharply 
west through the Macdonnell Ranges in Central Australia ; latter 
this trough expanded into a great shallow depression that covered 
Northern Territory, much of Western Australia and South Australia, 
and part of western Queensland and New South Wales. It may 
have persisted into the Palaeozoic Era, but by the end of Cambrian 
time most of it had become land as the result of widespread diastro- 
phism. Another depression, called by Teichert the Westralian 
geosyncline, which bordered Western Australia irregularly in the 
nortli and west, seems to have come into being in Devonian and to 
have persisted till Pliocene time. During most of the Palsaozoio 
Era a great part of eastern Australia was occupied by the Tasman 
geosyncline, and in Lower Cretaceous time a wide epeiric sea, 
developing from the vast Jurassic Lake Walloon, traversed the 
continent from the Gulf of Carpentaria to the Great Australian 
Bight. Finally, there is some evidence that a great curving trough, 
which may be called the Papuan geos 3 moline, stretched from the 
Dutch East Indies and New Guinea through New Caledonia to New 
Zealand. Though doubtless in existence much earlier, it seems to 
have been best defined in Mesozoic and Tertiary times ; probably 
it was in communication with Tethys through the Malay Peninsula 
and Burma, and to it were linked the Australian geosynclines 
and epeiric seas. 

Of all these basins of deposition the greatest was the Tasman 
geosyncline. The reconstructions of it given by Walkom (1913, 
1018), Jensen (1912), Benson (1923), Bryan (1926), Bryan and 
Whitehouse (1926), Andrews (1938), and others display a wide 
divemty of interpretation, but this arises naturally from the fact 
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that the fewer the data the greater the number of degrees of freedom 
available to the would-be interpreter. Though many matters are 
still obscure and much stratigraphical and structural detail is 
lacking, it is felt that the information now in hand is sufficient to 
enable an outline of the history of the goosyncline to be sketched 
and its varying boundaries to be roughly indicated ; nevertheless, 
the present account is to be looked upon as but one more inter- 
pretation. One great difficulty in the way of satisfactory recon- 
struction is the fact that over large areas in western Queensland 
and New South Wales and in northern Victoria the Palaeozoic 
strata are buried beneath Mesozoic and Cainozoic deposits, and 
another results from the extensive removal of strata by erosion that 
has taken place at intervals throughout geological time. 

It was formerly held that eastern Australia was built up to the 
east and north-east of a pre-Cambrian nucleus or shield through 
deposition in a one-sided trough on the continental shelf, which 
was periodically subject to the influence of forces acting from the 
Pacific ; as a result its sediments were folded and elevated and 
added to the increasing total of continental land, while at the same 
time the axis of sedimentation migrated to the east and north-east. 
In 1916 the late Prof. Schuchert named the trough the Tasman 
geosyncline and, influenced no doubt by the concept of a former 
easterly extension of the Australian continent put forward by 
Marshall (1912) and others, depicted it as bounded on the west by 
Australia, and on the east by an unnamed land stretching across 
what is now the Tasman Sea. Sohuchert’s interpretation was 
adopted by Walkom (1918) and implicitly by Sussmilch and David 
(1919), who named the lost land Tasmantis, and is now accepted 
by most if not all Australian geologists. The general trend of the 
trough is indicated by the remarkable though not invariable con- 
stancy in the direction of the axes of folding, which in Tasmania, 
Victoria and New South Wales are broadly submeridional and in 
Queensland on the whole north-north-west. In some reconstructions 
the trough has been represented as closed to the north, but in view 
of the many striking faunal affinities of its sediments with those of 
Europe, Asia and North America we cannot but believe that its 
chief communications with the rest of the world were to the north 
during most of its life. 

Cambrian Pbriod 

The beginnings of the geosyncline are involved in some obscurity. ' 
Its earliest known deposits are unfossiliferous, but are piobaWy 
Cambrian ; they comprise the Greenstone series at the base of the 
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formation known as the Brisbane Sohists in south-eastern Queens- 
land, and the cherts, tuffs, etc., constituting the Wagonga series 
on the far South Coast of New South Wales. In default of better 
evidence the Cambrian geosyncline may be depicted as in Fig. 1, 
p. 630, but probably it extended much farther to the west. The 
fossiliferous Cambrian rocks of Victoria and Tasmania were probably 
laid down in it. 

The tectonic history of these Cambrian rocks is not definitely 
known. In Tasmania there is evidence of a marked orogeny of 
probable Upper Cambrian age, but this disappears to the north, 
and in Victoria Middle and Upper Cambrian and Lower Ordovician 
strata are conformable. The Wagonga Series, unconformably over- 
lain by Upper Ordovician graptolitio shales, may have shared 
in the Upper Cambrian diastrophism, but the Greenstone series 
of Queensland is perfectly concordant with the Ordovician (?) 
Bunya phyllites, and was not deformed till late SUurian time. 
Possibly the strata of the geosyncline were folded during the Cam- 
brian orogeny along parallel but impersistent belts between which 
deposition was uninterrupted. So far as is known no magmatic 
injection was associated with the folding. 


Ordovician Period 

Though outcrops of fossiliferous Ordovician rocks are not wide- 
spread there are some reasons for thinking that the Ordovician 
geosyncline may have been approximately as represented in Pig 2, 
p. 630. Lower Ordovician graptolitio sediments are well developed 
in central-western and sparsely in eastern Victoria, but disappear 
to the north under Cainozoic deposits and are known at only one spot 
in western New South Wales. Upper Ordovician rocks are widely 
distributed in central and eastern Victoria and in the eastern high- 
lands and South Coast belt of New South Wales, where they 
oomprim carbonaceous shales and slates, with phyllites, tuffaoeous 
sandstones and a very little limestone. Slates and phyllites appar- 
ently devoid of fossils but almost certainly Lower and Upper 
Ordovician appear in north-eastern New Sooth Wales and as part 
of the Brisbane Schist formation, and there are {fiiyllitic rocks, 
some demonstrably pre-Silurian, in central and northern Queensland, 
which are also probably Ordovician. 

The full Ordovician sequence may be present in Tasmania, but 
our knowledge of it is very incomplete. At and near the base, and 

* Name auggeated by Dr. Ida A. Brown, who baa investigated theta. 
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possibly descending to the Upper Clambrian, are limestones, sand- 
stones and conglomerates with a shallow-water fauna. Limestones 
also appear near the top. 

In Central Australia, chiefly south and north-east of the 
Macdonnell Ranges, are Ordovician sandstones and shales folded 
along east-west axes and resting unconforniably on T^ower Cambrian 
beds. They enclose a shallow-water or littoral fauna similar in 
some respects to that of the Tasmanian l>eds but much younger. 
Whether the Amadeus Trough, in which they were laid down, was 
in direct communication with the Tasman geo83mcline we are unable 
to say definitely. 

The Ordovician Period was closed by what may be called the 
Benatnbran orogeny, during which a median geanticline some 200 
miles vrido was formed traversing eastern Victoria and the eastern 
highlands of New Soxith Wales. Its width, where to the north it 
disappears under the Mesozoic beds of the Creat Artesian Basin, is 
sufficient indication of a considerable extension into Queensland, 
and it may have continued as shown in Fig. 2, p. 6S0. Along this 
belt wherever they are seen in contact the Ordovician and Silurian 
rocks are unconformable, but on either side of it, in Tasmania 
and central-eastern Victoria, and in the north-east of New South 
Wales and the south-east of Queensland, there is perfect angular 
conformity. 

With the Benambran folding came the injection of synchronous 
bathyliths. The known intrusions form two parallel belts, one of 
which begins in eastern Victoria, attains its maximum development 
in the Bogong and Benambra highlands, and has been traced in 
New South, Wales at intervals in a N.N.W. direction for about 200 
miles. The other belt, 60 miles to the east and very much shorter 
and narrower, passes north through Oooma (N.S.W.) into the 
Australian Uapital Territory ; here the slates and sandstones, which 
through folding or deep burial had acquired low-grade meta- 
morphism, suffered contact-alteration which reached its maximum 
intensity, with the crystallisation of sillimanite and the formation 
of a zone of graoitisation and lit-par'lit injection. The granites are 
everywhere much contaminated and locally take on the appearance 
of banded gneisses. 

SiLUKUN PimiOD 

Through erosion of the Benambran geanticline and its gradual 
submergence the two flanking or . sequent geosynolines of early 
Silurian time eventually coalesced, so that by the end of the Xower 
Silunan epoch almost the whole of the tectonic ridge was again 
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beneath the sea. Ultimately the Silurian geosyncline had much the 
same extent as the Ordovician except that its western margin, in 
Victoria at least, had shifted 100 miles to the east, possibly as the 
result of late Ordovician vertical uplift (Pig, 3, p. 630). Apart from 
the abundance of muddy sediments the geosyncline was remarkable 
for its great development of coral-reefs, which stretched at intervals 
for more than 1800 miles from northern Queensland to south- 
western Tasmania and over a width of 200 miles. Farther east the 
water was possibly too deep for reefs to form. 

No great tectonic movements occurred in the Silurian Period, 
but at its close a major orogeny affected the whole of the geosyncline 
except for a narrow western strip in the lee of the Benarabran 
geanticline (I^g. 3, p. 630), of whose sediments remnants survive 
in central-eastern Victoria and possibly in Tasmania. This Botvning 
orogeny varied in intensity from place to place and was on the whole 
most severe in the east. In south-eastern Queensland, and perhaps 
also in Victoria, Cambrian and Ordovician beds shared in the 
deformation. 

The Imundary of the Silurian geosyncline in Queensland is, of 
course, conjectural for, apart from the fossiliferous limestones of 
Chillagoe in the north and the probable Silurian Neranleigh and 
Femvale series in the south-east, no rocks of tliis age are known 
in the state. But the width of the folded belt in New South Wales, 
stretching as it does from Cobar across to the coast, makes it clear 
that there must have been a considerable northerly extension of 
the geosyncline. 

The Bowning folding was accompanied by igneous injection, 
and bathyliths and lenses of granite and quartz-diorite with primary 
and cataclastic foliation are found in several places in New South 
Wales and eastern Victoria, some of them associated with schistose 
porphyry and porphyrite. This was, apparently, the last occasion 
during the life of the goosyncline when the intrusions related to an 
orogeny were of the synchronous type. Like those of the Benambran 
epoch the Bowning intrusions are no means so numerous os one 
might expect in view of the large area subjected to folding. 

Mystwy surrounds the deposition of the unfossiliferous thick 
Pertnjara conglomerates of the Maodonnell Ranges, Central Australia: 
Besting directly on the Ordovician beds, with which they are folded 
along east-west axes, they are, as Andrews has pointed out, most 
reasonably to be regarded as Silurian, and with their deformation, 
p!?obably during the Bowning epoch, deposition in the Amadeus 
Trough came to an end. Whether or not the basin of their deposition 
wiwi directly connected with the Tasman geosynoline we cannot mf. 
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Devonian Pgbiod 

Following the Downing orogeny all that remained of the geosyn- 
oline at the beginning of Devonian time was a western ohaimel, 
perhaps not more than 100 miles wide, extending north, in all 
probability, into New South Wales and Queensland and south into 
Tasmania, where there are some indications that, as in Victoria, 
Upper Silurian pass up into Lower Devonian beds. The sea, how- 
ever, soon began to spread east again across the denuded and 
sinking geanticline, and by the end of Middle Devonian time had 
passed beyond the present coast-line (Fig. 4, p. 630). During these 
epochs coral-reefs were abundant from a little south of Townsville 
(N. Queensland) to Victoria and possibly even to Tasmania. In 
the deeper waters radiolaria abounded and volcanic activity was 
considerable. 

An end was put to Middle Devonian deposition by the Tabber- 
abberan orogeny. Since the folded beds suffered extensive erosion 
before Upper Devonian sedimentation began, the limits of the 
folded belt are rather hard to determine. Deformation was very 
marked in central and eastern Victoria, and is traceable north 
through New South Wales as far as the edge of the Great Artesian 
Basin. The conformity of Middle and Upper Devonian beds in the 
North CJoast area of New South Wales and in eastern Queensland 
fixes an approximate eastern limit to the geanticline. An indirect 
approach to the detennination of the former extent of the geosyn- 
cline and the position of its western boundary is based on the 
foUowing reasoning : 

(а) The existence of bathyliths and stocks of granite and allied 
rooks in any area implies the former deposition there of geosynolinal 
sediments, in connection with whose folding the magma was injected 
(quite often, of course, we now find the granite in contact only with 
the basement-rocks of the geosyncline, the strata involved in the 
orogeny having been eroded away) ; 

(б) The known late Ordovician and late Silurian bathyliths are 
of synchronous type and their ^granites are more or less gneissic ; 
all the known later intrusions are of massive granite : thus a massive 
granite intrusive into Ordovician or Silurian and overlain by Upper 
Devonian strata may faiily be regarded as Tabberabberan. 

®y these criteria, though their validity is admittedly 

by no means unimpeachable, it is possible to deduce that the Middle 
Devonian geosynoline extended and its strata were folded to at 
least as far west as Oobar in New South Wales and to about the' 
same longitude in Victoria ; the prolongation of the geaidiioline into 
Queensland is of course an extrapolation. Of Tasm ania we knew 
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very little indeed, but on palseogeographical grounds it is hard to 
escape the conclusion that the island was in the geantiolinal belt, 
and possibly here, as in central Victoria, Ordovician and Silurian 
beds were involved in the folding, as the result of which the locus 
of deposition was pushed far to the east. Though igneous activity 
was associated with the orogeny and a number of intrusions are 
reasonably assigned to it, only a few in Victoria and Now South 
Wales can be definitely dated ; they are chiefly granites and grano- 
diorites, porphyries and porphyrites, and include those responsible 
for introducing the gold and copper ores in the Cobar-Nymagee-Mt. 
Hope area in western New South Wales, and possibly certain 
porphyrites which are thought to be related to gold and copper 
deposits in western Tasmania. 

After an interval of erosion the Upper Devonian epoch witnessed 
a remarkable westward expansion of the geo85Tioline, which in 
New South Wales and probably also in Victoria almost reached the 
South AustraJian border (Fig. 5, p. 630). In both Queensland and 
New South Wales the sediments were marine and of muddy facies 
in the east, but paralic — mostly sandstones and red shales — ^in the 
west, and in Victoria they seem to have been almost entirely 
lacustrine. Indeed, the geosynclinal character of the depression 
might be called in question but for the fact that the paraUc and 
lacustrine beds have been folded and invaded by bathyliths. 

It has been held by some New South Wales geologists that this 
folding occurred at the close of Devonian time, but field-observations 
show that in Queensland, New South Wales and Victoria wherever 
foBsil^erous Upper Devonian of either facies are in contact with 
Lower Carboniferous V)ed8 relations are perfectly conformable, and 
indeed that owing to lithological similarities it is often hard to make 
a precise separation of them. It is far more probable that Upper 
Devonian and Lower Carboniferous beds were folded together about 
the end of Vis^an time, as argued below. 

Carbonifbkous Period 

The early Carboniferous was thus probably co-extensive with 
the late Devonian geosynoline. The Lower Carboniferous strata in 
Queensland are marine in the east and lacustrine farther west, but 
an^ possible transition between the two facies is hidden beneath 
later deposits. In New South Wales the lowest Carboniferous beds, 
confined to the eastern part of the state, are marine, fossiliferous, 
and approximately equivalent to the Toumaisian of Europe ; in 
part they pass up into Vis^an marine beds, but along a narrow strip 
where slight uplift caused an easterly retreat of the sea they are 
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overlain by lacustrine beds and terrestrial volcanic deposits with 
occasional small marine intercalations. The Ix)wer Carboniferous 
rocks of Victoria are entirely terrestrial with the possible exception 
of the Grampian sandstones in the far west, which have a small 
marine fauna either Upper Devonian or Lower Carboniferous. 

A Lower Carboniferous orogeny was determined for Queensland 
by Reid, and is inferred also for New South Wales, where in the 
Lower Hunter valley an unconformable junction has been noted 
between terrestrial Lower Carboniferous ( — Vis6an) beds and an 
Upper Carboniferous series. Elsewhere this same series begins with 
a heavy conglomerate which rests conformably or with slight 
angular unconformity, and with a marked lithological break, on 
the Lower Carboniferous beds. In addition, there is in several 
places violent unconformity between Permian and Upper Devonian 
or Lower Carboniferous beds, whereas later Carboniferous and Per- 
mian beds when occurring in the same sequence are invariably 
conformable. 

Reid referred to the Queensland orogeny as the Drummond 
moveinent, but the name of Kanimblan given by Sussmilch to that 
which folded the Upper Devonian rocks in Now South Wales has 
priority, though he was uncertain as to its precise date, which must 
have been close to the end of Vis<5an time. 

In Victoria the Lower Carboniferous beds are nowhere known 
in contact with the later Carboniferous tillites, but the latter pass 
up into Permian beds with Oangamopteria. 

The Kanimblan orogeny was probably the greatest in the history 
of the Tasman geosyncline. The folded area must have comprised 
practically the whole extent of the geosyncline from the extreme 
north of Queensland to the extreme south of Tasmania except for 
a relatively narrow strip in eastern Queensland and New Sonth 
Wales, where the Carboniferous sequence is unbroken. The later 
isostatio or tensional phases of the movement were marked by a 
wonderful display of intrusive igneous activity, transgressive bathy-‘ 
liths and stocks of massive granite, granodiorite and more basic 
rooks, with corresponding hypabyssal types, being injected through 
almost the whole extent of the folded area. The intrusions are girt 
wdth contact-zones of hornfelses, and commonly accompanied by a 


Fiaa. l-12.-^The Taamaa OeQaynclmo at various periods, (The stippling 
indicates the probable areas of deposition, marine and terrestrial. Close stippUng 
indicates the probable positions m geanticlines.) § 


1, Oambrlim : £• OtdoviolAQ (with Bsnsmbran geaQtloliao) : 3, Slluriao (with Bownlns gesnUjOline) ; 
i. Lowsr Slid Mlddls Dsvonlan (with Tabbershberati gesntlcllii®) ; 6. TTpj^ Bsvoaiani and XowW Carbon- 
laroofiwIUi Xa nit oMan fi^oliaa) ^ 6. Vppei Oarboniarous ; 7, lowwMMriM Parmlac ; S. Cpxwr Coal- 
mmn PormlaQ (with asntsr-Bowen goantlollno) ; 9. Prlasido; 10. Jurassic; 11. Orctaoecia (aptliih) : 
18. lioooiio. ' . . t 
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oharaoteristio euite of economic minerals including ores of tin, 
molybdenum, tungsten and bismuth. Where the igneous rooks are 
not visibly intrusive into Upper Devonian or Carboniferous beds their 
age can sometimes be inferr^ from the associated ore-minerals, but 
in certain parts of New South Wales and Victoria distinction from 
the petrologioally similar intrusives of Tabberabberan age is 
difficult. No Upper Devonian or Lower Carboniferous beds are 
known in Tasmania, but massive granites, etc., with the suite of 
minerals characteristic of the Kanimblan ore-region are fairly widely 
distributed, and there can be little doubt that, as suggested above, 
the geosyncline extended south to include the island. Here the 
granites were preceded by considerable comagmatic intrusions of 
l^ic and ultrabasic rocks which brought in chromite and osmiridium. 
What appears to be the northern limit of this subsidiary Tasmanian 
ore-province is marked by the 8er[)ontine intrusions of Waratah 
Bay in the south-east of Victoria. 

The Kanimblan diastrophism verj-^ drastically reduced the size 
of the geosyncline, and later Carboniferous deposition was confined 
to eastern Queensland and New South Wales (Fig. 6, p. 6.30). The 
rocks are both marine and terrestrial, the latter including great thick- 
nesses of glacial and fluvioglacial as well as of volcanic material. 
Some of the tillites, however, are marine, and a few small fossiliferous 
marine lenses appear among the terrestrial beds. Evidently the 
sea lay partly on and partly just oif the east coastal strip of Queens- 
land and New South Wales and made short-lived incursions into 
the bordering swampy lowlands. 

Pbbmian Period 

One of the most controverted questions in Australian geology is 
that of the position of tile boundary between Carboniferous and 
Permian systems, but fortunately in the present connection this is 
not of vital concern, since no orogeny took place between the 
Kanimblan and Hunter-Bowen disturbances, though there is much 
evidence of vertical movement. Where a continuous section is 
exposed the Carboniferous beds, largely glacial and fluvioglacial, 
pass up into marine beds containing species identical with or similar 
to those found higher up in definitely Permian beds. Provisionally 
the base of the Permian (corresponding roughly, perhaps, to the 
base of the Sahmarian of Russia) may be drawn at the pdnt of 
entry of the first marine fossils of Permian aspect.* That the 

* Beoognising that the lowest of these marine beds mi^t be Upper Car- 
boniferous despite their faunal content, the late Sir BdgewtMrth David suggested 
the system -name KamiUwoi for the whole of the reputed Permian Sequeiloe. 
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glaciation lingered on into Permian time as thus defined is proved 
by the presence of occasional glacial erratics in the marine beds. 
In Queensland no known exposures afford a clear and continuous 
section from Carboniferous into Permian beds, but a few sections 
suggest a conformable passage. According to the view here adopted 
the terrestnal glacial beds of Wynyard on the north coast of Tas- 
mania, Bacchus Marsh and elsewhere in Victoria, and the southern 
parts of South Australia, are Upper Carboniferous possibly passing 
up into Permian, but apart from the first they were apparently not 
deposited within the Tasman geosyncline. 

In Upper Carboniferous time Tasmantis may have been tem- 
porarily joined to Australia by swampy lowlands ; these, however, 
wore gradually submerged by the Lower Permian seas, which 
spread over them to north, west and south (Fig. 7, p. 630). The 
Permian sequence gives evidence of great rhythms of deposition, a 
lower and an upper marine shallow-water series alternating with 
freshwater coal-measures. The later sea spread beyond the con- 
fines of the earlier, and the lowland swamps wherein the upper 
coal-measures were laid down extended in their turn far beyond the 
limits of the seas, particularly in Queensland. Comparative faunal 
studies suggest that communication with the north was broken 
during Permian time. (Fig. 8, p. 630.) 

In eastern Australia the PalsBozoic Era was closed by the Hunter- 
Bowen orogeny, which began near the end of the second Permian 
marine epoch, probably a little after the end of the Artinskian, and 
was renewed at the very end of the period. The folding force had 
its greatest effect in the east where, in addition to the Permian, the 
Carboniferous and Devonian rocks which had escaped deformation 
during the Kanimblan orogeny were folded with an intensity which 
diminished from east to west. Compression was relieved by up- 
thrusting or overthrusting along a great arc (Fig. 8, p. 630) concave 
to the west and stretching from Townsville (Queensland) to near 
Neweostie (N.S.W.). A second zone of upthrusting parallel to the 
first and some 40. miles east of it is seen along the western border 
of the New England Highlands in New South Wales, and in south- 
eastern Queensland there are signs, though not so clear, of a similar 
eastern thrust-zone. The relief afforded was such that the Permian 
beds lyin^ west of the main thrust-zone were at most only gently 
folded. Quite a considerable proportion of the Permian strata of 
Queensland and New South Wales lies beyond the msiin thrust-zone, 
fmd those of Tasmania are entirely outside it. 

The later phases of the Hunter-Bowen movement were aooom- 
pemied by invasions of magma. Serpentines and gabbros appear 
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in the eastern thrust-zone, but the chief expression of igneous 
activity is seen in great composite bathyliths of grauitio and allied 
rooks in north-eastern New South Wales, and in similar but much 
smaller intrusions in Queensland. Many of the component rook- 
types are very closely comparable to those of the Kanimblan bathy- 
liths and are accompanied by a s imil ar suite of ore-minerals, but 
their restriction to the belt of late Permian folding and their intrusive 
attitude towards Permian strata serve to distinguish them. 

Mesozoic and Cainozoio Eras 

With the initiation of the Hunter-Bowen orogeny marine 
deposition in that part of the geo33mcline lying within Australia 
and Tasmania virtually ceased. During the coal-measure epochs 
Tasmantis and Australia may have been joined, but probably in 
Upper Coal-measure time the locus of marine deposition had moved 
permanently to the east over the Tasman Sea, and then in the 
Mesozoic Era only the western margin of the geosyncline, wherein 
sedimentation was almost entirely lacustrino, lay over the coastal 
lands of Queensland, New South Wales (Figs. 9, 10 and 11, p. 630), 
and Tasmania.* In Upper Triassic time there was a slight and 
tremsient marine transgression in the vicinity of Sydney, and 
during the Cretaceous Period the sea temporarily encroached in 
south-eastern Queensland, in Neocomian time near Rockhampton 
and again in the Aptian farther south in the vicinity of Mary- 
borough. During this second invasion the Tasman geosynoline was 
in communication with the epeiric sea that stretched from the Gulf 
of Carpentaria to the Great Australian Bight. 

Though the course of Mesozoic sedimentation was punctuated by 
oooasionkl vertical crustal movements, there is no record of orogenesis 
till an indeterminate epoch within Upper Cretaceous time, when the 
Maryborotigh movement folded the Cretaceous and other Mesozoio 
strata in the coastal area of south-eastern Queensland with intensity 
diminishing westward, as well as the Jurassio, Triassic and some 
Permian slarata in the coastal belt of New South Wales. In Queens- 
Imui folding was aoeompanied by some overthrusting and followed 
by plutonio invasion on a relatively small scale. 

The Maryburian orogeny marked the end of the Tasman geosyn- 
oline within the continent of Australia. Its subsequent history 
cannot be directly traced, but we may reasonably suppose that in 

• No account is here taken of the Triassic and Jurassic lacustrine beds of 
Victoria or the Permian coal-measures of the Biverina district (N.S.W.), 
which, It is thought, wwe deposited in' basins lying west of and quite inde- 
pendent of the Tasman geosynoline. 
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Tertiary time it was situated entirely in the area now oooupied by 
the Tasman Sea (Fig. 12, p. 630), and indeed the known existence 
of a Main Divide in the eastern Australia of Tertiary time, approxi- 
mately coinciding with that of the present day, with rivers flowing 
east as well as west, implies the existence of a sea marginal to and 
somewhat beyond the present faulted coastline. The final extinction 
of the geo 83 moline probably came about through the late Tertiary 
or Pleistocene fracturing and foundering which led to the break-up 
of Tasmantis, the isolation of New Guinea, New Caledonia, New 
Zealand, Fiji, etc., and the formation of the Tasman and Coral Seas. 

Summary and Conclusion 

From its extent, its duration in time and its eventful history the 
Tasman geosyncline must surely rank as one of the greatest of its 
kind that the world has ever seen. It lay wholly or in part upon 
the Australian continent throughout the Palaeozoic and Mesozoic 
Eras, and experienced many tectonic vicissitudes as the result of 
which its boundaries, the locus of maximum deposition, and the 
facies of its dejxisits changed repeatedly. In earlier Palaeozoic 
times its size and situation were probably more or less constant, but 
the great Kanimblan diastrophism drove the sea permanently far 
to the east, and through this and the two subsequent foldings 
Australia may be said to have been built up and extended eastward 
to a little beyond its present coastal limits. Bryan and Jones have 
stressed the point that in post-Devonian times all the sedimentation 
was bathyalic, and it may be noted that after the Tabberabberan 
orogeny terrestrial deposition became increasingly important. It 
is quite impossible to say how much sediment was laid down within 
the geosyncline, but a rough calculation based on the maximum 
known thickness of rocks belonging to each system yields the 
stupendous total of more than 22 miles. 

Among the deposits volcanic rooks play an important role, but 
at present it is not possible to relate the different types Closeiy to 
tectonic and other conditions. Spilitio and keratophyric rooks, for 
example, are associated with certain Cambrian, Silurian and 
Devonian radiolarian cherts, marine limestones, etc., but the same 
or very similar types are found amid littoral marine and even 
lacustrine sediments of Permian and Carboniferous age, and on 
the other hand are notably absent from among the OrdovioiMi 
graptolitio shales. Andesites, tosoanites and rhyolites are prominent 
among the terrestrial Devonian and Carboniferous deposits but 
appear idso among Silurian marine sediments. 

Of particular interest is a small group of trachyandesitio and 



636 


SOIKNCE PROGRESS 


traohybasaltic rooks contem|K)raneou8 in the shallow- water Upper 
Marine and Upper Coal-measure Permian beds of New South Wales, 
with cognate monzonitic intrusives, from some of which through 
contamination and magmatic differentiation rare and extreme 
alkaline types have arisen, 

Mesozoic sedimentation was notably devoid of volcanic incident 
apart from occasional showers of ash, except in the rather unstable 
area of south-eastern Queensland, where rhyolitic and andesitic 
lavas and p 5 rroolaBtic material were poured out at intervals. 

The erogenic epochs were for the most part marked by bathy- 
lithic injection and ore-deposition witliin the geantiolinal belts. 
Certain areas, particularly that comprising north-eastern Victoria 
and the country across the border in New South Wales, suffered 
magmatic invasion during three and possibly four of the Palseozoic 
disturbances. 

A certain conespondence may be observed between the recorded 
diastrophisms and those of extra-Australian regions. The Upper 
Cambrian folding may be a counter|)art of the Killarnean of North 
America if, as some have contended, the latter is of Cambrian and 
not of pre-Cambrian age. The Benambran orogeny may be com- 
pared with the Taconic of North America and the Bowning with the 
Caledonian {sensu stricto) of Great Britain and Europe, while the 
Tabberabbera disturbance may have synchronised with that 
responsible for the unconformity between Upper and Ix)wer Old 
Red Sandstone. The Kanimblan orogeny appears to have been 
contemporaneous with the Sudetic of Eun)i>e and the Hunter- 
Bowen with the Saalian and Pfalzian and with the Gondwana 
disturbance of South Africa and South America. Both Kanimblan 
and Hunter-Bowen fall within the interval embraced by the Variscan 
movements. The Maryborough folding, possibly coinciding with 
the culmination of the American Laramide orogeny, and the 
Oainozoio foundering of Tasmantis, belong to Stille’s Alpine Period 
of diastrophism. 
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ELECTRON MICROSCOPY 

By R. A. SCOTT, Ph.D., F.Inst.P. 

Mt^mpolitm'Vvckerit Eltdrical Co., Ltd., MantheMter 

In the last fifteen years the electron microscope has grown from 
the earliest model, with a resolving power about equal to that of 
the best optical microscope, to its present form in whicli its j)er- 
formance is not far short of that which is regarded on theoretical 
grounds as its ultimate limit [1]. With existing commercial micro- 
scopes it is possible to obtain a practical resolving limit of about 30 
Angstroms, a figure some fifty times smaller than for a good optical 
microscope. 

It is natural to expect that the use of such an instrument will 
add much to our knowledge of the fine structure of material objects, 
and it is proposed in this article to give some account of the kinds 
of information whicli can bo and have been given by the electron 
microscope, and of the nature of techniques which have l>een devised 
to provide objects suitable for the instrument. 

Electron microscopes may take as many general forms as do 
their optical analogues. There are, in particular, transmission, 
reflection and dark field instruments, in which the screen illumination 
is due to the portions of the electron beam which are respectively 
transmitted, reflected or scattered. Of these forms, the trans- 
mission electron microscojie is potentially the most versatile and 
it alone has been sufficiently developed to be regarded as a definite 
instrument. 

Many descriptions [2] have been published in recent years of the 
details of the mechanical arrangement and of the electron-optical 
design of typical electron microscopes, and it is not proposed to say 
anything here on the subject further than that the transmission 
electron microscope in its present form consists essentially of (1) a 
source of constant velocity, high-voltage electrons which illuminate 
the object, (2) an ‘‘ objective (usually but not always a magnetic 
lens) which produces an enlarged “ electron image of the object, 
(3) one or more '' projector ’’ lenses which serve to produce a further 
enlarged image on (4) either the fluorescent viewing screen or a 
photographic plate. 

Provision is usually made to control the direction, convergence- 
and intensity of the illumination and to control the alignment and 
power of the lenses. A suitable portion of the image can be selected 
and focused on the fluorescent screen, and a permanent record is 
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almost invariably made by exposure to the beam of the photo- 
graphic plate, which is placed in a position equivalent to that of 
the screen. 

It is usual to record the image at magnifications of between 
2000 and 20,000 ; quite the largest proportion of micrographs kre 
taken at raagnific^ations between 5000 and 10,000. At a higher 
magnification, the intensity on the screen can be made sufficiently 
great for easy viewing and convenient recording only at a risk of 
subjecting the object to a perilously high beam intensity. The 
grain of modern photographic plates can be fine enough to allow 
detail as small as 30 A to be portrayed at a magnification of 10,000. 
Such a plate is conveniently inspected directly by means of a viewing 
box and a high -power magnifying glass. 

The electron-microscope imago of a real object presents the 
same general appearance as does an optical micrograph. The de- 
tailed appearance varies according to the composition and structure 
of the specimen. The contrast in the final image comes from the 
varying capacity of different ^rnris of the object for preventing 
the incident electrons from forming a correctly focused image 
at the screen. Local darkening of the focused image may arise as 
the result of electrons which are lost from the beam because they 
are scattered outside the effective periphery of the lens, or as the 
result of electrons which, on account of loss of energy in the 8})ecimen, 
or excessive inclination to the lens axis, are diffused over a wide 
area of the image. The complete absorption of high-voltage 
electrons in the commoner ty{)e8 of electron-microscope s|)ecimen 
is rare, and this mechanism contributes inappreciably to the contrast, 
llie effective periphery of the lens is sometimes set by the presence 
of a real stop, but more often because the lens field fails to deflect 
electrons incident with more than a certain finite obliquity into the 
image field. 

When small objects, such as particles of fine powders, are suitably 
supported in the field of view, they usually pass little of the beam 
unmodified and appear as black silhouettes against a bright back- 
ground. Finer particles, such as smokes, give similar general 
patterns, but ahow some transparency to the beam, especially 
where the particles occur naturally as thin platelets. 

A screen picture of sorts can be obtained jfrom a very large., 
variety of objects, provided that the specimen contains at least 
some areas in which the solid matter is so dispersed as to allow the 
incident beam to pass relatively unhindered. It by no means 
foUows, however, that all such objects show detail comparable in 
size with the resolving limit, and two special conditions must be 
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satisfied before detail on this fine scale can be delineated : the 
specimen mast contain details differentiated by changes of electron 
scattering power, since otherwise there is no inherent source of 
contrast, and the specimen must not contain scattering matter in 
such quantity that the final image is confused by a welter of electrons 
which have so far lost their original direction or velocity as to fall, 
after deflection by the lens, irregularly into the image field. 

Small particles of gold a few tens of Angstroms thick, supported 
on a very thin film of collodion, form a specimen that meets the 
special conditions and lead to an image of high resolution. These 
conditions are not normally fulfilled, for example, by a supported 
micrO'Organism, wliich may well be both too thick and too uniform 
in electron scattering power to give an imt^e of adequate contrast. 

In the application of the electron microscope to a specific field 
of research the essential problem is, of course, to devise a technique 
of selecting, preparing and mounting the specimen so as to give the 
maximum of information in the screened picture. Before describing 
such techniques in detail it is appropriate to draw attention to a 
number of special limitations and difficulties of electron microscope 
technique. Firstly, the electron microscope is essentially a vacuum 
device, since the electron beam is not able to pass freely through 
air. Specimens must have a vapour pressure low enough to remain 
stable in a vacuum of 10~* mm. of mercury. Specimens which in 
their normal state contain water, such as most, if not all, micro- 
organisms, are necessarily desiccated on insertion into the instru- 
ment. The process of desiccation leads to some distortion and 
possibly to serious damage to the specimen. This hazard raises 
special difficulties in the biological fields. 

Objects used in the microscope undergo continual bombardment 
and may therefore be subjected to considerable heating. Where 
the specimen is a bad conductor of electricity there is, in addition, 
risk of mechanical damage arising from the forces which accompany 
the accumulation of charge on the surface. It is essential to guard 
against these risks by minimising both the intensity of the beam 
and, at the same time, the exposure of the object to the beam. 

A notable advantage possessed by the electron microscope lies 
in its great depth of focus. The high resolution forms of the optioal 
microscope use objectives of large numerical aperture (ca. 1'4) and 
have a depth of focus comparable in magnitude to the resolving 
limit ; in consequence a field of only 0-1 /u is in focus at any one time. 
Very many objects have a considerably greater depth than this ; for 
example, a bacillus is seldom much less than 1 fi. With stto^h 
objects only a part is in focus at any one time, and the screen image 
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is inevitably overlaid with diffuse light from out-of-focus adjacent 
planes. Electron microscope objectives have extremely low 
numerical apertures {ca. 0-002) and the depth of focus is a few 
microns. The large depth of focus can be turned to good account 
in the taking of stereographic photographs of thick objects, from 
which the arrangement in depth of the structure can be found in 
a simple and reliable way. More will be said on this subject at a 
later stage. 

The transmission t 5 r{)e of electron microscope can be used with 
either l)right -field or dark -field illumination. In practice, however, 
very few examples of dark-field illumination are to be found in the 
literature. The chief difficulty lies in the provision of an appro- 
priate stop. There are two possible arrangements : one involves 
the use of a central stop at the back-focus of the objective just large 
enough to trap the beam, the other illuminating the object with a 
slightly oblique beam, the main beam being trapped by the aperture- 
stop of the object-lens (i.e. the ‘"objective aperture'’). In the 
former case, the stop must be not more than 1 or 2 microns wide 
and is therefore difficult to construct. The illustrations shown in 
Plate I, Pigs, {e) and (/), show cotton fibres supported on a copper 
grid, photographed respectively with light and dark field illumin- 
ation. Both are photographed with an objective aperture, the 
illumination in the latter case being inclined to the axis at an angle 
of about The relatively poor resolution in the case of the dark- 
field photograph is mostly due to a prejionderance of incoherently 
scattered electrons in the radiation which falls' in the open aperture 
of the lens. 

Spboimbks 

In almost every case specimens suitable for investigation by 
electron microsoopy are mounted in the mioroscoije on small grids 
or perforated discs which are designed to give maximum support. 
The individual apertures through which the illumination faUs are 
60 to 100 microns wide, and these unobscured areas are alohe 
imaged on the screen. The specimen itself may take any of a 
variety of forms ; the principal of these ai'e described aks follows : 
objects supported by grid, objects supported by a thin film, very 
thin sectionB, and thin fUm replicas. 

Objects supported by Grid . — ^Fibrous objects can frequently be 
silpported directly by the grid so as to allow transmission micro- 
graphs to be made of the objects. Where the object, is thick, the 
image has the appearance of a silhouette, but thinner portions of 
the object are usually transparent and show internal detail. Speci- 

uu 
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mens such as fine threads, Wollaston wires, quartz fibres, sharp ends 
of tungsten wires, portions of sharp edges of blades and profiles of 
fine crystal grains,' can each be investigated in this manner. 

Certain smokes, particularly those formed so that the particles 
aggregate into long chains, can be prepared so as partially to over- 
hang the grid bars from which they are supjjorted. Oxide smokes 
of zinc, magnesium and molybdenum are readily prepared in this 
form, and the corresponding micrographs are remarkable for the 
clear evidence which they furnish of the very regular crystalline 
nature of these smokos. 

The siliceous skeletons of diatoms and the fine regular structures 
which form the wings of insects can in many cases bo supported 
directly on the grid. Fig. (a) shows an electron micrograph of a 
portion of a fly’s wing, supported directly on a fme-mesh (200 to the 
inch) copper grid. Small hair-like structures are seen to be attached 
to a more or less continuous film. 

Objects supported on a Thin Film . — The commonest method of 
mounting specimens is to support the small objects which are to be 
investigated on a very thin film, which in turn is mounted on a grid. 
Suitable films may be prepared in many ways, but in every case the 
film must have as little scattering power as is consistent with the 
necessary strength. 

The material most often used for the purpose of film-making is 
collodion. Films of about 100 Angstroms thick are formed by 
allowing a drop of 2 to 3 per cent, solution of nitro-cellulose in 
amyl acetate to spread over the surface of water in a bowl. Such 
films' are reasonably strong. They are ordinarily free from visible 
structure and can be prepared and handled with ease and consistency. 
A film 100 Angstroms thick scatters a 60 kV. electron beam just 
suflSciently for a difference in tone between the two sides of a film 
edge to be perceptible on an appropriately exposed photographic 
plate. Such a film is strong enough to support large particles 
without undue risk of breaking. Cast films of “ Formvar ” (poly- 
vinyl formal) have also been used to a considerable extent. They 
are considered to be mechanically stronger and to have much less 
water absorption than collodion films prepared by spreading on 
water. Most commerciai plastics can be formed in films thin enough 
to be usable as supporting films, but little systematic investigation 
appears to have been made of their relative suitabilities. Silica 
films, prepared by evaporating fused silica on to a flat plaatio sub- 
strate and dissolving sway the substrate, axe also used as supporting 
films. 

Many fine powders, such as pigments for the paint industry. 
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dyestuffs for the textile industry, and rouge for the plate glass 
industry, contain particles too snuUl in size to be resolvable in the 
ordinary optical niiorosco})e. The industrial effectiveness of such 
powders may depend markedly on the distribution in size and shape 
of the smaller particles. Such material can be investigated in the 
electron microscope, and for this work it is usual to prepare a sample 
of material on a supporting film, since the continuous smooth 
surface of the film can be covered by an appropriate process more 
or less uniformly with a sample of dispersed particles. 

Micro-organisms form a large and important class of objects 
and can in many cases be supported with advantage on a film. 
Virus bodies and the smaller bacteria can be prepared by drying 
off from an aqueous suspension. The size of such bodies is suffi- 
ciently small for many to be contained in a single field of view of 
the instrument, and many examples of micrographs of this type 
of object are to be found in the literature. See Fig. (6). 

Specimens in the Form of Films . — Where a specimen itself forms 
a very thin film, as in the case of rubber, of plastics in general, and of 
biological membranes, the specimen can usually be supported directly 
by the grid. Hirailar transparent films, which can also be used directly 
as objects, can sometimes be madt^ by forming a film from a dis- 
{jersion of the small particles of a specimen in a fihn-forming medium 
such as collodion or rubber solution. Films of this sort are ordinarily 
prepared on a glass plate and stripped mechanically from the surface. 
The method forms a convenient way of producing a stable dispersed 
selection of fine particles for investigation of particle size distribu- 
tion. It suffers, however, from the disadvantage that the particles 
are imbedded during observation in a scattering medium which 
completely surrounds the particle and therefore reduces the image 
contrast to some extent. This latter effect is more important in 
the case, for example, of particles of an organic compound of low 
scattering power than in the case of dense mineral particles. 

‘ Sections . — Section techniques, such as are used in tniological 
work, are at least in principle applicable to the electron microscope. 
Films of a typical imbedding medium, such as collodion, which have' 
a thickness much greater than 0*1 microns, have much too great a 
stopping power to. 6dlow effective imaging by meems of 60-kV. 
electrons, and a section of such material should therefore not be' 
much thicker than 0-1 microns. 

With a conventional microtome it is difficult to out sections as- 
thin as 1 micron and the production of sections of one-tenth of thia 
thickness requires sj»ecial technique. Methods have been devised, 
notably by von Ardemie, whereby a standard microtome has been 
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adjusted by arranging to tUt the stage progressively during the 
cut BO as to jwoduoe thin wedge-shaped specimens. In this fashion 
the thinnest edge of the wedge is occasionally thin enough to be 
used as an electron-microscope specimen. Similarly shaped speci- 
mens can be obtained by cutting obliquely through the interface 
of a comix)8ite block formed by the embedded specimen and an 
overlying layer of material such as gelatine and then dissolving 
away the gelatine in hot water to leave a wedge of specimen. 

A much more satisfactory approach to the problem of producing 
suitable sections lies in the design of new and more effective micro- 
tomes. A number of sj>ecial microtomes have been built in the last 
few years for this purpose and have met with at legist some success. 
In each case the cutter, which is usually rotating, has been arranged 
to travel at much higher s|)eed than in conventional instruments. 
At this increased speed the inertia of the specimen and of the knife 
system makes the cutting system effectively very rigid. It is 
probable that the success of high-speed microtomes is due at least 
as much to a higher precision in the relative motion of the knife 
and specimen during the cut as to the extremely high cutting speed. 
This precision microtome work is still at an early stage and further 
progress may well be expected in the next few years. Such work 
as has been completed has usually involved thick sections (0*5 fi) 
and in order to obtain reasonable contrast in the image it has been 
necessary to use the otherwise rather inconvenient aperture-stop. 

Surface Replicas , — In view of the very low penetrating power 
of 50-kV. electrons, the transmission electron microscope cannot 
be used to form images of very thick objects. Information relating 
to the shape of the surface of such objects can be obtained by use 
of an accurate replica of the surface structure made in the form of a 
film thin enough itself to form the object for the electron micro- 
scope. The local thickness of the replica film, and therefore the 
density of the corresponding part of the electron micrograph, 
varies in simple relation with the shape of the surface. The micro- 
graph therefore gives a pictorial impression in changes of height of 
the surface. 

There are two desirable characteristics of the replica: (a) 
ability to take a faithful impression of the original surface on one 
of its faces, but to retain a flat second face, (6) possession of such 
chemical composition as to have an optimum scattering power. 
Films of very low or very high scattering power material would 
show* little contrast ; the former would tend to be uniformly 
transparent and the latter to be opaque. 

The simplest form of replica is that obtained by casting a solid 
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film from aolution on to the specimen surface and stripping off the 
film. One of the most successful of such processes is the Formvar [3] 
method. Formvar is a hard plastic which dissolves in a suitable 
solvent (dioxane) to form a weak solution which can be spread as a 
thin layer over the specimen surface. For very smooth surfaces, 
such as clean glass, the solid film formed after evaporation of the 
solvent can be teased off under water. Where the film holds more 
tenaciously, as in the case of etched surfaces, the film can often be 
removed by stripping from the surface a short length of thin, 
adhesive tape which has been made to adhere to the film. More 
drastic methods of freeing the film are the forcing off of the film by 
contraction of a drying gelatine coating to the film and, in the case 
of extremity, the dissolving away of the specimen. See Fig. (c). 

The silver-collodion and the polystyrene-silica [4] methods are 
successful, but more elaborate, forms of replica technique. The 
first method consists in forming a thick film of silver by evaporation 
in vacuo on to the specimen. The film is stripped mechanically 
from the object and the surface of the silver then coated with a thin 
film of collodion. The silver is finally dissolved away in nitric acid 
so as to free the collodion leplica. This replica technique was one 
of the earliest to be developed, but now appears to be little used. 
The polystyrene-silica method has been used with considerable 
success, particularly on etched surfaces, in metallurgy. The pre- 
pared specimen is mounted in a block of imlystyrcne, for example, 
by heating under pressure in a standard metallurgical mounting 
press. The mould is separated from the specimen and the surface 
of the mould coated by evacuation in vacuo with a film of silica a 
few hundred Angstroms thick. The silica film which forms the 
replica is freed from the polystyrene by solution of the latter in an 
appropriate solvent. The micrographs which result from poly- 
styrene-silioa replicas show great clarity of detail. There is, how- 
ever, some difficulty on occasion in interpreting the finer detail of 
the silica replica photographs, as the rear surface of the replica, 
far from taking the ideal flat form, has— as might be expected from 
the nature of the evaporation process — much the same smface 
shape as the original specimen. Variants of the polystyrene-sdica 
method have been used sucot^ssfuUy to provide replicas of soft 
materials. 

Sfboihbn Tbchniqub. 

A considerable amount of useful information can be obtained 
by direct-transmission electron micrography of simply supported 
specimens. The graduations of tone in the final picture are almost 
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invariably great enough to give a good general irapresftion of the 
shape and structure of the object. By the elaboration of special 
techniques, much more information relating to the shape and 
disposition of the various parts can be obtained. Some of the more 
important techniques are described below. 

Stereoscopy . — ^Where the object possesses sufficient contrast to 
give a sharply detailed imago the simple transmission picture gives 
little indication of the structure in depth. In view of the large 
depth of focus of the image, it is possible to take pairs of photo- 
graphs of any particular field with slightly different inclinations of 
the specimen plane to the lens axis. Such stereoscopic-pairs can 
be viewed in a stereoscope, and it is possible to determine the 
structure of the object in three dimensions from the appearance of 
the image. Numerical measurements can bo made of the elevations 
of parts of the specimen by determination of parallax or by the use 
of an appropriate stereometer. The stereomicrographs are obtained 
by tilting the specimen between succeasive exposures, preferably 
without removal of the specimen from the microscope. 

Shadou^-Casting . — A special technique, generally known as 
shadow-casting, has been devised for use with the electron micro- 
scope and has added considerably to the usefulness of the microscoj)©, 
especially in the investigation of surfaces. The method consists in 
evaporating on to the specimen in vdcuo, from an oblique angle, a 
collimated beam of atoms of a heavy metal (i.e. a maliorial with a 
very high scattering power). The beam falls on the object itself 
and increases the opacity of the object. The supporting film, 
which lies obliquely to the beam, receives a thin layer of metal over 
most of its area, but remains completely clear in the geometric 
shadow behind all elevated portions of the surface. A specimen 
prepared in this fashion gives an electron-micro8ooj)e image in 
which the structure in depth is shown in relief ; the visual impression 
is closely similar to that which would be obtained on looking at a 
similar specimen illuminated by parallel light falling in the same 
direction as the gold beam. The pictorial effect is most striking 
and the general interpretation of the shape of the structure is 
immediately clear (Fig. (d)). Apart from the obvious evidence that 
the shadow-cast conveys of relative height in the surface, the 
method has the great advantage that the surface shape is mapped 
out by means of variations in thickness of a film of very high scat- 
tering power, and in consequence the screen image possesses very 
high contrast. Much surface detail shown by this method is quite 
invisible in the corresponding ordinary transmission photograph. 
The shadow-casting method has been used with great success in the 
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biological field, particularly by WyokoflF [6], who has prepared 
specimens showing the detailed structure whereby virus b^es are 
packed into a crystal lattice. 

Shadow-casting gives information relating entirely to surfaces 
of objects and adds nothing to knowledge of the internal struotiu^ 
of the object ; this property can be used with advantage in order 
to remove ambiguities which otherwise may exist in the interpreta- 
tion of surface replicas. The process is particularly suited to replica 
work since it also increases the contrast. 

Miscellaneous Techniques . — One of the main difficulties which 
faces the experimenter in the preparation of objects consisting of 
fine powders is the production of proper dispersion of the particles. 

Finely disjjersed powder specimens can b^ produced either by 
blowing the powder direct into a cloud, which falls on the specimen, 
or by spraying a liquid dispersion through an “ atomiser.” Speci- 
mens of dust or of smoke may be precipitated directly on to a film 
by gravitation, or by electrical or thermal precipitation. These 
methods in general may be no more than qualitative, and a consider- 
able amount of investigational work is required before any detailed 
deductions can be made about the relative frequency of occurrence 
of jjarticles in given size ranges. 

The commonest approach to the formation of samples of fine 
material is to disjwrse the material in water and to dry olF the 
water from a drop of the suspension which has been deposited on a 
thin supporting film. 

The initial stage of forming a fine dispersion may be facilitated 
in some cases by subjecting the suspension to violent mechanical 
agitation or to an intense supersonic field. In the case of powders 
which do not form stable aqueous suspensions, good stable dispersion 
can sometimes be obtained by the use of a ” wetting agent.” In 
the course of the drying process the smaller particles tend to clump 
into large aggregates, and the major part of the clumping is due 
to a scavenging effect of the liquid meniscus as it finally contracts 
on the surface of the supporting film. Some success in overcoming 
the difficulty has followed the coating of the supporting film before 
use with a monolayer of, for example, egg albumin. It is considered 
that in this way it is possible to obtain a large force of adhesion 
between the particles and the contracting meniscus. 

Two other distinct approaches offer some attraction. The 
first is to disperse the sample in a solution of, for example, collodion 
and thereby to retain the liquid dispersion during the drying-out 
process. T^is has already been referred to. The second method 
is to make a stable aqueous suspension, to freeze the suspensimi and 
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to remove the water from the solid specimen by means of vacuum 
sublimation (fireeze-drying). During this drying process the particles 
are never mobile and no opportunity is presented for them to form 
into clusters. 

Numerous special techniques have been devised in order to cope 
with specified subjects. For details of these, reference can readily 
be made to the rapidly growing technical literature [6]. Many of 
these, such for example as the enclosure of the organism between 
the two collodion films, the “ electron-staining ” of the organism 
with osmic acid or photo-tungstic acid (the latter process has been 
used successfully in the study of the structure of muscle), refer to 
the specially difficult task of preparing effective biological objects 
for the microscope. ^Suggestions have been mooted for overcoming 
the severe treatment which may accompany the desiccating effect 
of the vacuum on a small organism by enclosing it in a “ closed 
cell.” Such a “ cell ” must provide a normal environment for the 
organism and must be capable either of withstanding a large pressure 
difference across its walls, as in the case of an aerobic specimen, or 
alternatively of preventing any substantia] diffusion of water 
through its walls, as in the case of an anaerobic specimen. As far 
as the author is aware, no successful cell of this variety has been 
constructed and used with effect, and sometliing of the difficulty 
of the project becomes apparent when one appreciates that in the 
case of an anaerobic specimen the depth of water of 1 micron neces- 
sary to envelop even a small organism is too great to allow effective 
penetration of a 60-kV. electron beam. 

By careful technique, such as the “ controlled drying ” method 
devised by Smiles of the National Institute for liledioal Research, 
the uncertainty in interpretation due to distortion on drying of 
biological specimens can be minimised. There seems little doubt 
that the usefulness of the electron microscope in the biological field 
in particular will depend very much on the provision of special 
techniques. 

Intbbpebtation of Results 

There is close agreement of general appearance between a low- 
magnification electron micrograph and a high-magnifioation optical 
micrograph in the case of thin objects. Such comparisons have 
been made with diatoms, fibres, powders, and replicas of etched 
metal surfaces. The coarse detail, consisting of outlined areas of 
greater or lesser opacity to the beam, is usually as readily inter- 
preted as the corresponding detail in an optiocd micrograph. 
Interpretation of the small detail is more open to dispute, and 
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in this field the surest practical guides to correctness are con- 
sistency of features in successive micrographs and experience of 
the relevance of conclusions drawn from the interpretation. 

Apart from artefacts produced by the mode of preparation of 
the specimen, the two main difficulties which arise are the inter- 
pretation of detail shown inside the boundary of a partially trans- 
mitting specimen smd the determination of the nature of the particle 
boundary. In specimens with no regular or 3 rBtalline structure in 
their components, and such specimens are all too rare, a definite 
relationship is to be expected between the local brightness of the 
plate (or blackness of the print) and the mass density of the object. 
For a homogeneous object this means that the blacker patches of 
the print represent the thicker parts of the object. Such a simple 
relation does not hold in general for crystalline specimens, since the 
regular structure can lead to a high concentration of intensity in a 
diffraction beam which leaves the object at an angle much greater 
than is on the average involved in the case of simple scattering. 
Crystalline objects may present tlie apf)earance of opaque or of 
transparent objects according as the diffracted beam falls outside 
or inside the efi'ective ai)erture of the objective ; slight changes in 
orientation between closely situated similar particles may lead to 
one appearing as a dark and the other as a light object. These 
diffraction effects make it very difficult to determine from the 
photograph whether the particle is irregular in thickness or merely 
distorted in its lattice structure. Difficulties of this sort can be 
reduced by using either stereoscopy or slradow-casting toclmique 
in addition to that of simple transmission, and these three tech- 
niques in combination will usually allow unique determination of 
the structure at least of the external shape of the object. It is, 
however, very difficult to distinguish between the posaibilitie6 of a 
discrete internal structure and of a regular, but slightly distorted, 
crystalline structure with which is associated diffraction anomalies ; 
some evidence relating to the reality of apparent detail comes from 
observing whether the image appearance remains unaltered as the 
direction of the illuminating beam is changed by a small amount. 

When observation is made of detail on a scale approaching that 
of the resolving limit of the objective, the precise nature of the 
image formation, as instanced by the shape of the image of a sharp 
edge, depends upon the type of aberration effective in limiting the 
performance of the objective. Where the diffiraotion effects pre- 
dominate over the geometric aberrations the position of the cor- 
responding geometric boundary may well be flanked with diffraction 
bands. These bands may form the counterpart of the higher order 
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maxima of the Airy diffraction pattern, as in the case of a correctly 
focused image, or they may be Fresnel fringes as in the case of an 
out*of-foous image. \^ere the geometric al^rrations, in particular 
the spherical aberration, are large the fine structure typical of the 
diffraction system tends to be obscured. In such cases the boundary 
may still be skirted with a bright contour which derives from the 
distribution of intensity in the slightly defocused image formed of 
components of the illumination which have suffered either excessive 
deviation or slight loss of velocity in passing through the specimen. 
The general characteristics of the contour effects are readily recog- 
nised by an experienced rnicrographer, but failure to appreciate 
the possibility of their existence has sometimes led in the past to 
the assignment of one or more fictitious exterior coatings to an 
otherwise simple object. 

There are a number of special difficulties in interpretation 
which arise through peculiarities possessed by the microscope itself. 
The energy intensity at the specimen may well be so high as to 
cause changes to occur in the specimen. With most available 
microscopes it is possible to obtain such a beam intensity as to melt 
the wires of the supporting grid, and it is therefore clear that there 
is considerable risk of melting and possibly volatilising parts of 
the specimen. If photographs are obtained as soon as practicable 
after the insertion of the spt^cimen, it is usually possible to reduce 
this effect to negligibly small proportions, particularly if the beam 
intensity is kept as low as possible and exposures of the order of a 
minute are used. There is also good reason to suspect that in 
certain cases the specimen may become contaminated by decom- 
position products of oil vapour from the diffusion pump. Such 
contamination can be prevented by inserting a cOld-trap between the 
pump and the main instrument. 

The problems of interpretation and the inevitable defects of 
existing techniques do not seriously limit the useftilness of the 
electron microscope, and these problems are in any case such as one 
has to solve in connection with the use of most modern physical 
instruments. 
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SCIENTIFIC METHOD AND EDDINGTON’S * 
FUNDAMENTAL THEORY 


Bt D. W. J. CRUICK8HANK, B.So. (Eng.) 

Department of Chemidrp, The Vnieereitpf heede 

8m Arthur Eddington was one of the principal participants in 
the debate on the roles of deductive and ‘‘ inductive ** methods 
in physical science which has been in progress during recent years. 
Since he had always maintained in this controversy that his views 
were demanded by the results of scientific investigation, it is 
pertinent to enquire what light his posthumous Fundamental Theory 
[1] sheds on the subject. 

Principally it presents Eddington's ideas on the tlieory of physios 
as a coherent and comprehensive scheme. In conjunction with The 
Philosophy of Physical Science [2] and an article “ The Evaluation 
of the Cosmical Number " [3] the new book makes clear the episte- 
mological " basis of Eddington’s physics. This latter paper was to 
have formed the basis of an unwritten chapter on “ Epistemologica] 
Theory ” in Fundamental Theory, It is a matter of great regret 
that Eddington was unable to write this chapter, as it seems likely 
that he would have settled several awkward questions. 

The orthodox view concerning the nature of scientific knowledge 
is that the hypotheses at the base of a scientific theory are entirely 
dependent on experiment for verification. Eddington’s view was 
that fundamental physical theory is deducible from premisses which 
are methodological in character. Eddington calls his major 
premisses ‘‘ epistemological principles ” ; we may describe them as 
“ statements about physical method.” 

A fundamental principle of ‘‘ scientific epistemology ” is that 
every item of physical knowledge is an assertion of what has been 
or would be the result of carrying out a specified observational 
procedure. Eddington has called this principle an axiom, but it 
is more than that — ^it is a rule by which every honest physicist 
abides. To get his set of epistemological principles Eddington 
unearths the rules by which the physicists play their game. Among 
these are the methods of interpretation used by physicists, which, 
according to Eddington, are : 

1. Observational knowledge is formulated as a description of a 
universe. We call this the physical universe. 
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2. A very general method is that of analyBu, by which the 
physical universe is represented as consisting of a number of 
parts. 

3. All variety is regarded as a challenge to further analysis ; 
so that the ultimate end-products of analysis can only be identical 
units, the variety originating in the way the units are put together. 
This is the atomic concept. 

4. The analysis requires that some parts and characteristics have 
a degree of permanence. 

6. Elementary physical systems are considered to be isolable, 
but yet observable. 

We are now in a position to develop Eddington’s theory — ^in 
doing so we shall be implicitly assuming the five concepts outlined 
above. Measurements are the tools of physios. A measurement 
involves four entities, two to furnish the observable that is said to 
be measured and two to furnish the comparison observable used as 
a standard. When we measure a distance the extension between 
two given objects is compared with the extension between two 
marks on the standard scale. What we measure is something 
associated with four entities. This is called a “ measurable.” 

The most primitive entity we can contemplate has neither parts 
nor magnitude. It has no parts, for it is prinutive and unanalysable. 
It has no magnitude, for magnitude is an attribute of a measurable. 
An ” entity ” is to be thought of in this theory in roughly the same 
way as a point in Euclid’s geometry. The only property of a 
primitive entity is that of existence or non-existence in the structure 
contemplated. Eddington associates with a primitive entity a 
B 3 rmbol whose meaning only becomes definite when it is conjoined 
with {mother symbol representing the structure contemplated. 
Only two definite meanings are possible. Technically a definite 
meaning is called an eigenvalue. The two eigenvalues of an entity 
are a yes-eigenvalue and a no-eigenvalue. 

The most primitive measurable is provided by four primitive 
entities whose existence attributes are independent. It will not 
exist unless all four entities exist. Since each entity has two eigen- 
vfdues, a measurable has 2 x 2 x 2 x 2 as 16 eigenvalues, of 
whihh only one is a yes-eigenvalue. Four entities provide us with 
a variety of things to measure. This array of measures is called a 
tensor measure. Several measurablee may have the stime tensor 
measure ; thus several sticks may have the same length and ireight. 

Althoi^h measurables with the same measure have the same 
quantitative properties, they are conceived as qualitatively distinct. 
This qualitative distinction is introduced in accordance with the 
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concept that variety originates in the structure and not in the 
elements ■, -the distincticm between diflFerent measurables can be 
made structurally by means of a mathematical device called a 
“ rotation group.” We therefore pick from the known rotation 
groups the one in which the rotations are symbols with 16 eigen- 
values. This is the group which defines the “ EF frame ” on which 
Eddington’s physios is based. The E’s and F’s are hypercomplex 
sets of 16 square roots of ---1. The tensor measures are also now 
taken to be EF-numbera. From this EF frame or ” sedenion 
algebra ” with its measurables and tensor measure the whole 
scheme of theoretical physics can, it is claimed, be deduced. Crudely 
speaking, then, a measurable has 16 eigenvalues, the necessity for 
16 eigenvalues leads to the EF frame, and from this fundamental 
physics can bo constructed. 

Having seen the path, we will try to clear up some of the 
obscurities in the argument. What Eddington is doing is building 
a structure — part of the structure of the physical universe. Abstract 
structure can be described by tha methods of symbolic algebra ; these 
methods define a structural pattern by the inter-relations of a closed 
group of symbolic operations. It is a very important property of 
these structural patterns tlmt, when the groups liave been eom- 
pleted, each part is defined in terms of the others and the whole so 
built up that the di£fet;ent parts can be distinguished from one 
another. To illustrate this : we said earlier that four entities 
provide us with a variety of things to measure, and that this array 
of measures was called a tensor measure. This implied that there 
were different properties to measure/ and that the different measures 
could be distinguished. The structure is built from measurables 
with their tensor measures, and then defines what these measures 
are and how they are distinguished. 

Let us examine the physios Eddington deduces from the sedenion 
algebra. The method is to develop the mathemarioal properties of 
different elements of the structure, and then to identify these 
elemepts with the subject matter of physicists’ observations. The 
first stage is to show that the E-numbers, whose components repre- 
sent physical characteristics, can be represented by vectors in a 
“ 4-Bpace,” one of whose dimensions differs from the other three. 
This ‘‘ space ” is identified as ordinary physical space-time. This 
basic identification limits the number of ways in which other 
components may be identified, In making these identifioations 
Eddington is guided by the results ,of ordinary physical theory’; 
thus one component is identified as mass or enmrgy, in accordance 
with ihe usual view of, the mteroonvertibility of mass and energy: 
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This identification of the elements of the analysis with ordinary 
physical quantities is an essential link between the theory and 
observation, which we shall consider further when we deal with the 
implications of the theory for scientific method. The whole scheme 
of theoretical physics now follows from the sedenion algebra, without 
the introduction of any empirical results. This is not to suggest 
that Eddington could have developed bis theory without the result^s 
bf relativity and quantum theory, but rather that the hypotheses of 
current relativity and quantum theory are contained in the sedenion 
algebra. 

Eddington’s deductions, however, transcend relativity and 
quantum theory ; tlu^y solve mysteries which current theory was 
unable to tackle. The theory deduces both the forms and numerical 
constants of the laws of gravitational and electrical fields. More 
than this, it explains the nature of gravitational and (loulomb 
forces — they are different aspects of the indistinguishability of the 
elementary particles, which is a direct consequence of the third 
of the methods of interpretation mentioned above. The theory 
explains why electric charge exists only in definite units, and why 
it is always associated with definite massetf such as those of the 
proton and electron. 

A fundamental result is the calculation of the “ cosmical 
number,” the number of particles in an Einstein world which is 
composed of hydrogen and which satisfies the requirements of 
quantum theory ” [4]. This result (f x 136 x 2®^) is of more 
than casual interest, as it determines the ratio of electrical to 
gravitational forces between particles, the range and magnitude of 
non-Coulombian forces, and cosmical repulsion. Applications of the 
basic theory give nuclear mass defects, the magnetic moments of 
hydrogen and the neutron, and the mass and life time of the cosmic 
ray meson. The range of results covered by the theory is remarkable 
and the agreement with experiment is excellent. 

What has Eddington done ? Apparently he has deduced the 
laws of physics from a consideration of the methods of interpretation 
and of measurement ; in fact, the whole theory might well be called 
a theory of measurement. Eddington himself summarised his pro- 
cedure in tills way : ‘‘ All our results are derived from the condition 
that the conceptual interpretation which we place on the results of 
measurement must be consistent with our conceptual interpretation 
of the process of measurement.” [3] It is opportune to say now 
that Eddington did not claim to deduce the whole structure of the 
physical universe from the rules of measurement. Physical know- 
ledge contains, besides the laws of Nature, a vast amount of special 



666 


SCIENCE PROGRESS 


information about particular objects surrounding us. The size of 
the earth, the weight of a motor-car, the mains voltage are all 
special facts, and certainly are not deducible in this way. 

In discussing the theory and its relation to the scientific method, 
we will take no account of any possible logical errors inside the 
theory. What we have to discuss is the status of the methods of 
interpretation and the procedure of identification. The two are 
intertwined as the above quotation from Eddington shows. Thd 
point at issue was raised by Susan Stebbing in Philosophy and the 
Physicists y when she attacked Eddington for saying that “ granting 
the identification is correct, the laws (of conservation) are mathe- 
matical identities. Violation of them is unthinkable.” Miss 
Stebbing says there is nothing logical is making this identification- 
in making the identification you are assuming the answer. This 
criticism would certainly be valid if the laws were based on hy- 
potheses ; but the problem is more subtle for laws based on 
methodological premisses. 

To see the difficulty, let us grant for the moment that the methods 
of interpretation are necessary for any theory of physios and are 
not just a set of hypotheses chosen to give empirical agreement. 
The fundamental particles are indistinguishable, and consequently 
in studying a group of them we shall get confused as to which is 
which. Eddington examines this interchange effect and computes 
its dynamical consequences. The effect of the indistinguishability 
is identical with that found empirically for Coulomb forces. 
Eddington therefore identifies interchange energy ♦ with Coulomb 
energy. The quandary is now clear. If you have indistinguishable 
particles there will be certain observational effects. 

Again, consider the third of the methods of interpretation. It 
is incontrovertible that in physics we analyse, and that we regard 
all variety as a challenge to further analysis. But what sort of 
finality are we prepared to accept ? Is it necessarily one in which 
the relata are all the same, and the differences occur in the way the 
relata are put together ? The whole status of the methods of inter- 
pretation seems one for considerable study, whose outcome I shall 
not presume to decide. However, there would seem to be three 
possibilities. The methods of interpretation may be either based 
on empirical success, or unique and necessary for any physics, or 
arbitrary methods used by all physicists. 

If the methods are empirically based, then Eddington^s physics 
is a scheme developed from hy^heses, and has the same status 
as any other theory of physics, albeit a unifying theory of great 
♦ This is not quantum moohanical exchange energy. 
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importance. Its certainty is not better than inductive, and Miss 
Stebbing’s identification criticism is justified. 

If the methods of interpretation are presuppositions of the way 
we make our ordinary physical identifications, they are not physical 
hypotheses in the ordinary sense, and they may be either unique 
and necessary or arbitrary. The significance of the latter possibility 
is that it implies that theoretical physics is simply a matter of 
convention. In either case the laws of physics are a necessary 
consequence, and would appear to have a certainty better than that 
attainable by inductive methods. Eddington expressed his own 
view when he wrote : We have to show, not that there are N 

particles in the universe, but that any one who accepts certain 
elementary principles of measurement must, if he is consistent, 
think that there are ** [3J. 

If we accept Eddington's view there are some interesting 
consequences to notice. For instance, ordinary physical theory 
describes phenomena, whereas in an important sense fundamental 
theory explains them. Again, if there are undiscovered parts of 
physics, these parts should he hidden in the sedenion algebra. 
The role of observation is strictly necessary only for us to understand* 
the meanings of the terms employed, and to make sure that there 
have been no logical errors in the arguments. Despite this, the 
experimental physicists will no doubt continue to produce results 
which the scientific ef^istemologist had not anticipated ! 

We may express our surprise that it is possible by any scheme of 
speculative building to erect the structure of physics on so few 
foundation stones : but in view of the undeniable achievements of 
Eddington’s theory we are bound to take it seriously. We may 
leave it to the philosophers to decide whether, oven if the law« of 
physios are necessary, we are driven to accept Eddington’s near- 
Kantian philosophy. 
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RECENT ADVANCES IN SCIENCE 


ASTRONOMY* By A, Httntkk, Ph.D., F.R.A.S., Royal Observatory, 

Groi^nwich. 

Stellar Magnetism. — Though the existence of a general magnetic 
field on the sun had long been 8USj>octed, both by analogy with the 
earth and because of the characteristic structure of the solar corona 
noticed during total eclipses, it was not until 1913 that Hale obtained 
at Mt. Wilson Observatory the first indication of the Zeeman effect 
in certain Fraunhofer lines from the undisturbed disk. Further 
work at Mt. Wilson seemed first to confirm the earlier results, 
though the smallness of the Zeeman displacements measured (of 
the order of one-himdredth the widths of the lines) was always a 
weak point of the work. Certain subsidiary conclusions, however, 
notably that the field strength decreases rapidly with increasing 
height in the solar atmosphere, were regarded with suspicion at 
the time and have been criticised since. 

It was particularly unfortunate that when the work was repeated 
during the years of minimum solar activity in 1922 and 1932, 
inconsistent results were obtained. At this stage a certain uneasi- 
ness about the conclusions was hard to resist— a doubt not, perhaps, 
about the existence of the field but about the quantitative assessment 
of its strength. Hale himself always wished to get further con- 
firmation of his work with morc^ j)Owerful apparatus and improved 
methods of measurement, but he died with the project uncompleted. 

If any such doubts still lingered, they should now have been 
removed by the publication (Annahs d'Astrophysique, 9, 101, 1946) 
of a remarkable piece of work by Thiessen on the subject. Aban- 
doning Hale’s method of measuring directly the very small Zeeman 
shifts in spectrum lines (largely, one gathers, because of the un- 
certainties of estimating small displacements on photographic 
plates), Thiessen uses a visual null method in which the displacement 
is compensated artificially. Light from the particular part of the 
aim to be examined is first passed through a quarter-wave plate. 
This changes the circularly polarised Zeeman components of each 
Fraunhofer line into components polarised in two planes at right 
angles. The light is then passed through a half-wave plate and 
a Polaroid film before it is allowed to reach the slit of a concave- 
grating spectrograph used as a monochromator. The half-wave 
plate is rotated four times a second by means of a synchronous 
motor, so that the two components illuminate the slit in turn. 
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A second slit in the focal plane of the spectrograph isolates the 
immediate neighbourhood of the line to be examined, and the 
monochromatic light then passes to a Fabry-Perot interferometer, 
which produces a system of dark rings on a bright background. 
These interference fringes are observed visually to undergo in general 
a radial pulsation, of period one-quarter that of rotation of the 
half-wave plate, indicating that minute changes of wavelength 
are occurring in the light reaching the first slit. When this light 
originates at the sun’s equator or at the poles, where the lines of 
force are perpendicular to the line of sight, no pulsation occurs ; 
elsewhere on the central meridian some oscillation can be detected, 
reaching a maximum at heliographic latitude 45^. The extent 
of the pulsation will clearly depend on the wavelength separation 
of the Zeeman components and hence on the magnetic field, but, 
instead of attempting to measure it, the observer counteracts it by 
adjusting the amplitude of a synchronous oscillation (of opposite 
phase) in the air pR^ssure between the interferometer plates. This 
pressure variation (of a few tenths of a millimetre of mercury) is 
produced by a pump, the amplitude of whose piston is variable and 
can be roafl on a scale. This scale is graduated directly in gauss 
by means of a 8ub|iidiary calibration using a laboratory source 
placed in an artificial magnetic field of adjustable intensity. 

By stopping the rotation of the half-wave plate and diminishing 
the pressure oscillation, the siuisitivity of the apparatus can be 
estimated : the lower limit of the measurable field strength for 
the iron line 0173 A. amounts to about 10 gauss. Preliminary 
measurements of this line and a green chromium line agree in 
giving the strength of the sun’s field at the pole as 53 ± 12 gauss, 
a figure coinciding almost exactly with Hale’s value for low-level 
lines. The new measurements do not, however, confirm the rapid 
decrease in the field with height in the solar atmosphere. A much 
more extensive investigation is promised, using a variety of lines 
of different intensity at various points on the solar disk, and thus 
exploring fully the dependence of the magnetic field on height above 
the suifaoe and on heliographic latitude. It is already possible to 
say of the method, however, that it is a piece of first-class observ- 
ing technique of a kind that would have delighted Hale’s heart. 

It is incidentally just as well, perhaps, to have this confirmation 
of the magnitude of the sun’s magnetic field. Theorists have 
recently tended more and more to invoke the field in examining 
the trajectories of particles in interplanetary space, whether they 
are interstellar particles faUing in towards the sun or corpuscles 
ejected from the sun and travelling out towards the earth. It is 
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particularly fortunate that* Thiessen’s work, whilst confirming 
Hale’s numerical results for the surface field, does away with the 
bogy of rapid radial limitation of the field, for some recent papers 
have assumed that at planetary distances the field is equal to that 
of an equivalent dipole at the sun’s centre. Alfv^n’s theory of the 
origin of the planets, for example (Stockhohm Obaervatoriurm 
AnncUer, 14, No. 2, 1042 ; 14, No. 6, 1943 ; 14, No. 9, 1946), 
depends entirely on the rather complicated paths followed in this 
field by interstellar particles in the outer parts of the solar system. 
A still more recent theory due to Hoyle {The Observatory, 6*7, 123, 
1947) attributes the excitation of aurorae to electrons which are 
ejected from solar chromospheric flares and which, after travelling 
from the sun at the relatively low 8j)eed of ejection (this is given 
by the long delay of about a day between the flare and the associated 
aurora), pick up the necessary penetration energy in a region where 
the magnetic field of the sun, regarded as a dipole field, is com- 
parable to that of the earth. Astrophysicists on the look-out for 
some way of treating the intractable problems presented by clouds 
of charged particles moving in interplanetary space will thus 
welcome Thiessen’s results as clearing up what was a ratfier doubtful 
matter. Though his measurements refer spqpifically only to the 
field at and near the sun’s surface, the extrapolated values at 
planetary distances obtained by assuming the sun to be a uniformly 
magnetised sphere seem to be confirmed by the spiral motion of 
ionised matter in comet tails {Popular Astronomy, 54, 268, 1946). 

Meanwhile, however, the question of magnetism in celestial 
bodies has gone beyond the confines of the solar system. It is a 
tenet firmly held by astronomers that the sun is a pretty average 
sample of the stars as a whole ; that (broadly speaking) any type 
of star in the sky could be matched by the sun if due allowance is 
made for differences of distance, mass and surface temperature. 
The suggestion that stars might have magnetic fields is therefore 
no revolutionary idea once it is accepted that the sun has one.' 
It is one thing, however, to postulate the existence of stellar 
fields ; it is quite another to detect and measure them. As far 
back as 1916, though, Hale was hoping that the then new 100-in. 
telescope might be able to detect such fields. The first detailed 
suggestions for a programme of observation were not made tUl 
1937, when Minnaert pointed out {The Observatory, 60, 292, 1937) 
that the magnetic effects which in the sun appetur as differences 
between individual points of the disk are not necessarily blotted 
out in all stars by that integrafaon over the entire visible hemisphere 
which is inevitably imposed by distance. 
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Minnaert suggested that, as in Hale’s experiments, a circular 
analyser should be placed in front of the spectrograph slit and 
rotated by 90° steps so as to extinguish alternately light circularly 
polarised in each sense. Lines affected by magnetic broadening 
would then have their red and violet Zeeman components sup- 
pressed in turn, and differential measurements of consecutive 
spectra would afford a means of measuring the field strength. On 
the assumption that the magnetic and rotational axes of a star will 
coincide, Minnaert points out that if the line of sight is perpendicular 
to this common direction, no polarisation will be observable, for 
the two halves of the disk will produce equal and opposite effects 
that annul one another. But for an observer looking along the 
axes, integration over the hemisphere now visible will give a net 
effect that does not vanish. In this case, calculation shows that 
the differential shift for a dipole field reaches one-third of the 
optimum displacement expected for a hypothetical observer who 
could resolve the stellar disk and who could accordingly choose 
the most favourable individual point of that disk to examine. 
Minnaert gave it as his opinion that if stellar fields ten to twenty 
times as strong as the solar field exist, they should be detectable on 
modern high-dispersion s])ectrograms by this technique. 

This remarkable prediction has now been verified. H. W. 
Babcock announces {Astrophysical Journal, 105 , 105, 1947 ; Pvbl. 
Aatr. Soc. Pacific, 59 , 112, 1947) that magnetic fields of the order 
of 1000 gauss have been detected in the stars 78 Virginis, y Equulei, 
P OoFoiua Borealis, HD 126248 and a few others. In looking 
for suitable stars which might be expected to show a Zeeman effect, 
Babcock followed the suggestion, made as far back as 1891 by 
Schuster, that perhaps the magnitude of the magnetic field of a 
celestial body depends on its speed of rotation. Now it is well 
established from Struve’s pioneer work in the 1930’8 that rapid 
rotation is a property almost exclusively of early-type stars. Equa- 
tcoial peripheral speeds of the order of 100 km./sec. are observed 
for 0, B, A and early F stars. Between F2 and F6 the observed 
frequency of such rotations rapidly decreases, and later types show 
none. (The sun at G5 is an exception merely because it is near to 
usi The rotational speed of a star is measured by the Doppler 
broadening produced in its spectrum lines. Since different parts 
the stellar surface are moving relative to the observer at-different 
speeds, they will give rise to lines differently displaced from the 
normal position. When the integrated light from all parts of the 
star is examined, these displaced components are observationally 
superposed to give a composite undisplaced line whose breadth 
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measures the speed of rotation. The sun, of qourse,i shows a visible 
disk, and ligl}t can be isolated from the limbs ; its equatorial speed 
of 2 km./sec. is much lower than can be detected by the cruder 
method enforced for stellar work.) 

In any search for rotating stars, however, an awkward compli- 
cation arises because rotation is not the only cause of line broad- 
ening in stellar spectra. Some early-type stars, for instance, show 
the very fine lines now believed to be due to the low surface gravities 
characteristic of supergiants ; conversely the abnormally broad 
lines in white dwarfs may be due to pressure (i.e. Stark) effects 
produced by the intense gravitational fields in these bodies. If, 
however, attention is confined to the hot main-sequence stars, it 
is still true that in addition to the majority that show rotationally 
broadened lines there are a few that show narrow lines. This is 
just what would be expected for a stellar jmpulation in which the 
axes of rotation are distributed at random ; there will be a few 
stars observed “ end-on ” for which the rotation, even if it is present 
to the same extent as in the average early-type star, merely pro- 
duces velocities across the line of sight and thus no Doppler broad- 
ening. The search for observable magnetic fields can thus be 
narrowed to stars of early type in the main sequence showing narrow 
metallic lines (hydrogen or helium lines are sensitive to Stark effect). 
A further indication would be the presence of incipient emission, 
which, as Struve has shown, may indicate an “ extended shell ” 
atmosphere produced by rapid rotation. 

If in such a star the magnetic axis coincides with the rotational 
axis and the field over the hemisphere presented to the observer 
is distributed as it would be over a uniformly magnetised sphere, 
it can easily be seen qualitatively that the Zeeman effect should be 
present in lines absorbed in the star’s atmosphere. For although 
the surface field at the equator is opposed to that at the pole, it is 
of only half the polar magnitude, and the field vector is periwndioular 
to the axis not at 46® but at 36® ; thus the component of the field 
parallel to the axis, when integrated over the visible hemisphere, 
differs from zero. Furthermore, limb darkening tends to suppress 
the equatorial contributions to the integrated Zeeman pattern and 
thus to enhance the net effect. 

It will be recalled that in the normal inverse Zeeman effect, a 
line observed along the field is split into two components equally 
displaced, in opposite directions from the normal position of the 
line, by an amount proportional to the field strength, these com- 
ponents being circularly polarised in opposite seniEWS. As the fWd 
vector becomes inclined to the line of s^lrt, an undisplaoed plane- 
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polarised component appears and the displaced components are 
elliptically polarised. As observed through an analyser for circular 
polarisation, then, the centre of gravity of an unresolved line will 
shift as the inclination between the field and the lino of sight alters. 
The light coming from the star will of course not be characterised 
by a unique value of this inclination, but when integration is carried 
out over the whole visible hemisphere, full account being taken of 
the projected areas of the various latitude zones, of the limb darken- 
ing, and of the variation in strength as well as in direction of the 
field with latitude, it remains true that the centre of gravity of the 
blended pattern will shift on changing from a right-handed to a left- 
handed circular analyser. Babcock has carried through the inte- 
gration and arrives at the conclusion that if ^ is the displacement 
of the centre of gravity in frequency units, 

^ ± 0-31aH 

where H is the iK)lar field strength and a the displacement of the 
normal satellite for unit field, and the sign is determined by the 
sense of the analyser. Thus the integrated effect is about one- 
third as great as it would be if light from the pole alone could be 
isolated. Transforming to wavelength shifts dX and inserting the 
Lorentz value a ~ 4-67 x 10 * cm.“ * we get 

dX = 1-45 X 10 6X*H 

This corresponds to a shift of 0-003 A. in the blue region of the 
spectrum for a polar field of about 1000 gauss. For the so-called 
anomalous Zeeman effect the shift is larger by a factor depending 
on the atomic transitions involved in the production of the line, 
this factor reaching as much as 2 or 3 for some lines. 

Babcock’s observations wore made with a circular analyser in 
front of the slit of the high-dispersion (2-9 A./mm.) ooud6 spectro- 
graph of the 100-in. telescope. The analyser produces simulta- 
neously two spectra, oppositely polarised, side by side on the plate, 
so that differential measTirements effectively double the displace- 
ments to be measured. If lines of Zeeman factor 1-6 are used, a 
shift of least detectable amount, say 0-0015 mm. for repeated 
measurements, would be produced by a field of 600 gauss. This is 
the obsmvational limit until measurements can be extended to 
the red or infra-red (note that dx aX*). 

The first good plates of 78 Virginia showed for some lines relative 
di^laoements which were visible with a hand m'agnifier, amomiting 
to as muoh as 0*010 mm. between the right-handed and left-handed 
spectra. It is always difficult to be sine, howevor, in deUoate 
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measurements of this sort that the displacements are real, so a 
series of checks was applied. It was found 

(o) that reversal of the analyser reverses the sign of the dis- 
placements ; 

(6) that the displacements in A. are independent of the dis- 
persion used and of the type of analyser employed ; 

(c) that no displacements occur when light from a terrestrial 

arc source is admitted to the spectrograph instead of 
light from a star ; and 

(d) that no displacements occur in the spectrum of e Pegasi, a 

KO star for which no rotation is observed and thus no 
magnetic field nor Zeeman effect is expected to exist. 

These conclusions, taken together, indicate both that the displace- 
ments found are indeed due to the Zeeman effect and that their 
numerical values are not systematically affected by spurious effects 
introduced by the apparatus. 

Babcock exhibits his results by plotting measured displacement 
against theoretical Zeeman effect for over 100 lines in 78 Virginis 
between 3800 A. and 4800 A. In view of the delicacy of the 
measurements the correlatioji shown is impressive ; and it must 
be considered fidly established that the polarisation found in the 
•absorption lines of this star can be fairly interpreted as due to the 
Zeeman effect. For a Zeeman factor of 1 -00 (t.e. for lines showing 
the normal eflfect) a differential displacement of 0*009 A. is found 
at 4600 A. This corresponds to a polar field of 1500 gauss, some 
three times the observational limit. 

This investigation was carried through on the basis of a number 
of simplifying assumptions, three of which in particular must be 
carefully scrutinised before the results can be accepted at their 
face value. First and second, that the magnetic axis is in the line 
of sight, and that it coinoidos with the rotational axis. These -are 
based on a somewhat attenuated line of reasoning which associates 
rotation with magnetisation in the star. The almost umversal 
providence of rotational broadening in early-type dwarf specia'a 
makes it fairly certain that 78 Virginis is no exception to the general 
rule, particularly as the proportion of sharp-line stars is numerically 
no more than would be expected if the rotational axes are distributed 
at random in space. Doubtless, then, the star is observed “ end-on ” 
as far as rotation is concerned. The assumed cinniddenoe of the 
two axes is more doubtful — ^there is a divergence of 6° in the sun and 
12*’ in the earth-*-but evidence referred to below associating the two 
effects suggests that it is not an unrOaeonable first approkimatiem. 
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The third assumption is that the star is spherical ; a condition 
that is manifestly incompatible with rapid rotation. As Babcock 
points out (Pvbl. Astr. Soc. Pacific, 69, 114 , 1947 ), oblateness will 
produce two effects. Firstly, since the surface brightness at any 
point is proportional to surface gravity, the pole of an oblate 
spheroid will be brighter than the equatorial regions, a factor which 
wUl conduce to over-estimating the field since it will over-weight 
regions where the field is strongest. Secondly, the integration 
will be affected, since the dependence of the field on latitude will 
not be that of a uniformly magnetised sphere. It seems impossible 
to assess the importance of this effect, since the rotation is not 
observable but is inferred statistically ; but it can hardly alter the 
order of magnitude of the results unless the rotation is to become so 
fast as to make the star dynamically unstable. 

We must conclude, then, that the observed displacements are 
due to a magnetic field of the order deduced ; but is it established 
that this field is indeed a general magnetic field and not one due 
(say) to the stellar analogues of sunspots on a 'vaster scale ? For 
an answer to this question we can appeal to the sun^ Though the 
fields of sunspots are much more intense than the sun’s general 
field, even at solar maximum sjjots involve only a few thousandths 
of the area of the photosphere at any time (and are, area for area, 
less bright too), and they are correspondingly ineffective in producing 
the Zeeman effect in integrated light. Moreover, they tend to occur 
in pairs exhibiting opposite polarity. Unless the conditions on 
stars are very different from those on the solar surface, then, it is 
hardly conceivable that large spots could do more than produce a 
broadening of the stellar lines distinguishable from rotational 
broadening only by its different dependence on wavelength. The 
possibility that a residual polarity of the magnitude found could 
be the result of stellar spots may be dismissed if further observations 
show that the observed field does not vary with epoch. 

It is difficult, then, to resist the conclusion that those metallic- 
line A-type stars suitable for showing the Zeeman effect do in fact 
possess general magnetic fields of the order of a thousand gauss 
at their surfaces ; and, by an inevitable genendisation, that other 
similar stars showing broad lines possess similar fields, though they 
cannot be observed because of an accident' of geometry. This 
raises once again, and more insistently, the old question of whether 
magnetism and rotation are not indissolubly connected with one 
another. It has long been known, for example, that the ratio of 
the magnetic moment P to the angular momentum U.of the earth 
is closely the same as that for the sun. Babcock {Publ. A»tr. 8oe, 
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Pacific, 59 , 112, 1947) and Blackett (Nature, 159 , 658, 1947) have 
now examined whether the same constant of proportionality holds 
for 78 Virginis. 

The question is complicated because no accurate values for the 
radius, mass or angular velocity of the star exist, and the best that 
can be done is to assume mean values from statistical evidence 
for other similar stars. The two authors adopt rather different 
values, and their results give an indication of how accurately the 
proportionality holds ; 
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of the ratio ia unknown in 78 Virginis since the direction of spin is unknovni.) 


Clearly the quantities P and U are proportional over a measured 
range of nearly 10^^: 1. Noting that P/U is equal in order of 
magnitude to the quantity V G/c, whore G is the gravitational 
constant and c the velocity of light, Blackett suggests that the 
equation 

P = /SG^c-iU, 

where /? is a small numerical constant of order 0-3, must l)o taken 
seriously as a possible new general law of Nature for all massive 
rotating bodies. It does indeed seem unlikely, in view of the large 
range of the variables involved, that the approximate fulfilment 
of the equation is accidental. Its simplicity, Blackett remarks, 
contrasts strikingly with the arbitrary complexity of the theories 
hitherto put forward to relate the magnetic fields of the earth and 
the sun ; and the occurrence of only the macroscopic constants 
G and c in the constant coefficient seems to exclude, except by way 
of a remarkable numerical accident, the possibility that the magnetic 
fields of these bodies are detemoined by the specific properties of 
the matter composing them. 

Nevertheless, the validity of the linear relation depends on 
three points only, and one would like to see the intervening gaps 
filled in satisfactorily. There seems little to be gained in the 
ffirection of increasing angular velocities, for if the rotational speed 
inferred for 78 Virginis is increased by a factor of more tiuuii four, 
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dynamical instability will be reached. The best chance here would 
probably be to observe some of the emission-Une B stars investi- 
gated recently by Struve and his collaborators. There is reason 
to believe that the emission arises in circumstellar rings shed in 
the course of rapid rotation. Unfortunately the observations are 
likely to be troublesome to interpret if emission and absorption 
lines are present, for the direct and the inverse Zeeman effects will 
have to be disentangled. 

Both Blackett and Thackeray {The Obsermtory, 67, 106, 1947) 
have pointed out the importance of observations of a partial eclipse 
in a binary star showing rotational broadening in its spectrum. 
If it should prove possible to measure both the Zeeman effect and 
the Doppler shift in the light from the nearly eclipsed edge of the 
rear component of an eclipsing binary, the magnitude and direction 
of both the magnetic field and the rotation could be measured 
directly, instead of having to rely on statistical rotations, which 
can at best give the order of magnitude of the rotation and never 
its sense. 

It was noted above that the measured range in P and U reached 
nearly 10“ : 1. The corresponding range in field strengths, however, 
is only about 2(KM) : 1. Blackett has jwinted out that if, as seems 
possible, white dwarfs are formed by the collapse of main-sequence 
stars to very dense cores, their angular momenta, and thus on his 
hypothesis their magnetic moments, will be of the same order as 
those for main-sequence stars. Sirius B, for example, has the same 
mass as the sun but only 0-02 of its radius. Its surface magnetic 
field (H = 2P/R®) will thus be 60® times greater, and will therefore 
reach 6 x 10* gauss at the pole. Surface fields of a few million 
gauss will produce Zeeman broadenings of a few dozen Angstrom 
units, so that the observed widths of the Balmer lines in white 
dwarfs, wliich are of this order, may be due in part to large magnetic 
fields as well as to the big Stark effects hitherto involved to explain 
them. Polarisation mesusurements in white dwarf spectra will 
decide whether there is any substance in this train of argument, 
and if so, how much of the width is due to Zeeman broadening. 
There will then be anothw point to log on the plot of magnetio 
moment against angular momentum, and further evidence on which 
to decide whether Blackett is indeed right in claiming that this 
relation may provide the long-sought connection between eleotib- 
magnetio and gravitational phenomena. 



668 


SCIENCE PBOGRESS 


PHYSICS. By F. A. Viot, O.B.E.. Ph.D., F.Iiwt.P., The University, 
Manchester. 

BAiUEiiBBrLiLYEB RBcmpiBBS. — The phenomenon of asymmetric 
conduction across certain metal-nonmetal boundaries has been 
studied for a long time, perhaps even before Schuster’s ex{)eriments 
of 1874 (Phil. Mag., Vols. 47 and 48). The development of the 
reliable “ metal rectifier ” now in large-scale use has, however, 
taken place during the last twenty years only, and the theories 
most generally accepted are less than ten years old. Even now, 
theory has yet to account for many of the properties of barrier- 
layer rectifiers. 

The most important typos of metal rectifiers are (a) copper- 
cuprous oxide, (6) metal (e.g. a low melting-point alloy) — selenium, 
(c) magnesium — resistance layer — cupric sulphide, (d) crystal — “ oat’s 
whisker.” The first three are made in disk or plate form, and 
the current is carried across a large area. In tyjie (d), the current 
passes through a fine point of the metal wire resting on the crystal, 
in a manner familiar to early wireless enthusiasts. It is of interest 
to observe in passing that this type, in an improved form, e.g. with 
a germanium crystal and tungsten wire, found important application 
during the late war in the rectification of very high frequency 
currents. 

The manufacture of large-area cuprous oxide and selenium 
rectifiers has been described by A. L. William and L. E. Thompson 
(J.I.E.E., Pt. I, 88, 363, 1941). Hero practice has preceded theory 
and most of the processes have evolved from trial-and-error methods. 
For the cuprous oxide rectifiers, pure copper disks about 1 mm, 
thick are heated in air to just over 1000° C., with one side protected, 
for about 10 minutes to form a cuprous oxide film on the other side. 
The oxide film is then about Od mm. thick. The disk is annealed, 
and any black cupric oxide formed on top of the red Cu,0 is removed 
by mechanical or chemical means. An electrical contact is made to 
the surface of the Cu,0 by a coating of colloidal graphite and then 
a soft metal, or by spraying the surface with a suitable metal. 
The effective rectifying junction is the C!u-CU|0 one. The efficiency 
of the rectifier is sensitive to impurities. 

The support for the selenium rectifier is normally a roughened 
steel plate, sometimes superficially nickel-plated. Selenium is 
applied by one of the standard methods and converted by heat 
treatment to the j8 variety, which is crystalline and has a lower 
electrical resistance than the a or y forms. The oounter-eleotrode 
metal is then sprayed on top, to form the rectifying junction. The 
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metal used is a low melting-point alloy, and its composition affoots 
the properties of the rectifier. A small percentage of thidlium is 
said to have a great influence. The selenium in its pure form has 
a very high resistance, so small quantities of other substances are 
added, such as halogen compounds. The completed rectifier is 
“ formed ” by passing a current of about 60 mA. per sq. cm. in the 
reverse direction (see below) for a few minutes. 




The general forms of the voltage-resistance and voltage-current 
oharaoteristios of large-area rectifiers are well known, and are 
indicated in Figs. 1 and 2. Note that the scales of Fig. 2 are different 
in the “ foiward ” and “ reverse ” directions. In Fig. 1 the “ resist- 
ahoe ’* is defined as V/I, «.e. the ratio of the instantaneous voltageh 
and currents. Ohm’s Law is not obeyed at low applied voltages. 
In general, the resistance depends on time as weU as tempera- 
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ture, and the characteristioB are subject to reversible “ creep ” 
and irreversible “ageing.” When considering detailed behaviour 
the exact conditions of measurement and the previous history of 
the rectifier must be specified. Creep and ageing are complex 
phenomena and will not be considered in detail here. The current 
in both directions increases with increase in temperature. 

All the metal rectifiers mentioned involve semi-conductors, and 
before considering theories of rectification it is necessary to review 
the electronic properties of semi-conductors. These are distin- 
guished from metallic conductors by three main criteria : (o) a 
lower, but still appreciable electrical conductivity, (6) conductivity 
increasing with increasing temperature, instead of decreasing, (c) 
conductivity often increasing with increasing concentration of 
certain impurities, instead of decreasing. These properties are best 
interpreted in the light of a jiotential energy diagram. Fig. .3. The 
top line in (a) and (b) represents the potential of an electron at rest 
in free space away from the solids^ and is taken as zero, and in both 
diagrams the shaded band represents the range of energies of 
electrons bound to the atoms or ions in the lattice (the “ full band ”) 
and F a forbidden region of energies. C is the “ conduction band ” 
giving the allowed energies with which an electron may migrate 
through the solid and be influence by an externally applied P.D. 
to give a cunent. This band is of width x, normally less than one 
electron volt. To reach the conduction band from the filled band 
the bound electrons would have to acquire an energy of one or more 
electron volts, which would demand an extremely high applied 
electrostatic field (10^-10* volts per cm.) or a high temperature. 
In semi-conductors there are, however, a number of discrete 
additional levels within the normally forbidden region, and associated 
with “ impurities ” in the lattice, or lattice defects, A perfect 
crystal of a compound such as Cu,0 consists of regular arrays of 
positive and negative ions. Sometimes, however, the lattice may 
contain small numbers of impurity atoms in interstitial positions 
in the lattice, or there may be an excess or deficiency of one of the 
constituent atoms. In both oases, extra levels may result. There 
are two important cases : 

(o) Electropositive atoms from the crystal lattice or foreign to 
the lattice trapped in interstitial positions. The valency electron 
of such an atom may be considered to be loosely attached to its 
positive ion and to have a potential energy within the' normally 
forbidden band. Less energy is thus required to raise (thermaUy 
c» otherwise) its energy to that corresponding to the oonduotiem 
band, and it is such electrons which give rise to electrical oonduotioa 
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m the Bemi -conductor. The extra “ donor ” levels are shown at 
L, in Pig. 3 (a), and solids in which they operate are known as 
“ excess ” Bemi-oonduotors, or, particularly in U.S.A., an “ n-type ” 
semi-conductor. If E electron volts is the energy corresponding 
to the step from L, to the conduction band, and No the concentration 
of impurity centres, the number of electrons reaching the conduction 
band per second at absolute temperature T is 

( 1 ) 

assuming the Maxwoll-Boltzmann statistics to apply. Then the 
electrical confluctivity is found to be approximately proportional to 

(2) 

(see Mott and Gurney, Electronic Processes in Ionic Crystals, 1940, 
Chap. V). 

(6) The second important case is that in wluch a jx)8itive ion 
is missing from the lattice, and an electron is missing from one of 
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the associated negative ions. If this electron is replaced, it has an 
energy corresponding to a level L in Fig. 3 (6). The vacant place 
is a “ defect electron,” or more picturesquely ” a positive hole.” 
Thus in Pig. 3 (6) the levels L are normally empty, but may be 
filled by electrons from the full band, leaving a positive hole in a 
different place in the lattice. A positive hole can thus be said to 
migrate through the lattice, and the effect is as if a positive electron, 
with slightly higher mass than the normal electron but otherwise 
with the properties of an electron, carries the current in the solid 
when a field is applied. A semi-conductor of this kind is a ” deficit 
semi-conductor,” or a “ p-type semi-conductor.” The temperature 
dependence of conductivity is given by an expression similar to 
equation (2). 

Excess mud deficit semi-conduotors may be distinguiahed by 
the sign of the Hall Effect. Gu^O is a deficit semi-conductor when 
there is a deficit of Ou, and impure silicon an excess. The properties 



672 


SCIENCE PROaRBSS 


of semi-conductors as such might well form the subject of a 
subsequent article in this series. 

Many thebries have been put forward to account for the pro- 
perties of metal rectifiers, and some have been discarded as being 
untenable in the light of more recent experimental or theoretical 
work. One discarded theory has, however, been revived to some 
extent by A. Fairweather {JJ.E.E., 89, Pt. I, 499, 1942), who 
reconsiders what might hap|;>en when the contact between metal 
and semi-conductor is achieved at a number of points of com- 
paratively small area only, the remainder of the surfaces being 
separated by thin gaps. If a small voltage (greater than the 
contact P.D.) is applied, the current will flow through the points 
of contact, and the relation between voltage and current will be 
linear. Since the total contact area is small, the P.D. acrdss the 
interface will be larger than that across the semi-conductor or metal. 
If the applied voltage is increased, the P.D. across the interface 
will increase until the field in the gap becomes high enough for 
field emission from the negative surfaces of the gaps to become 
appreciable. Field emission (cold emission) from a surface depends 
on the applied field acting at the surface according to a relation 
of the form 

V-BF*e-V • • • • (3) 

where F is the potential gradient and ^ the work-function of the 
surface. As the voltage across the interface is increased, therefore, 
the current will increase rapidly. Eventually, at a very high 
voltage, the current is limited by the bulk resistivity of the semi- 
conductor, and in the limit the current is again proportional to the 
applied voltage. If the P.D. is reversed, the two proportional 
(linear) parts of the characteristic would be repeated, but the part 
governed by field emission would be different because of the difference 
in work function. (In any case the field emission from a semi- 
oonductor does not neceosarily follow the Fowler-Nordheim relation, 
equation (3).) On this view, the action of a rectifier depends cm 
having the contact with one face of the semi-conductor of the form 
just described, and the other contact substantially without gaps. 

Some characteristic curves of the type predicted have been 
observed, and the gap theory is able to account for some of the 
other properties of metal reotifiem, but by no means «dl of them. 

We must now consider the modification to our energydevd 
diagrams when a semi-oonduetor is placed in contact with a metal. 
For simplicity, an excess semi-conductor will be used for illustra- - 
tion, though the same principles apply, widi suitable modifioafaoiis, 
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for deficit Bemi-conduotore. Further detail will be found in the 
book by Mott and Gurney (foe. cit.). Fig. 4 {o) represents the 
relevant energy levels in metal and semi-conductor before they ^re 
placed in contact. <f> is the work-function of the metal, and x depth 
of the conduction band of the semi-conductor, x normally 
smaller than If now the two are brought mto contact, electrons 
which have fogh enough thermal energies, given by equation (1) 
for the semi-conductor and an analogous one based on Fermi-Driac 
statistics for the metal, will be able to surmount the potential 
barrier, now height <f>~x electron volts. Since is greater than x< 
more electrons will pass into the metal than from it, and equilibrium 
will be reached with the metal having a negative charge and the 
conduction band of the semi-conductor depressed a^ shown in 
Fig. 4 (b). Mott and Gurney have shown (loc. cit.) that the number 
of electrons crossing the barrier is the same in both directions when 



the bottom of the conduction band in the semi-conductor is E/2 
electron volts above the Fermi level in the metal. 

If now an electric field is applied in such a direction as to depress 
the oonductiop band in the semi-conductor still further, the slope 
of the barrier, AB, is increased and its width decreased. On A. H. 
Wilson’s tix^ory (Proc. Boy. Soc., A136, 487, 1932) of rectification 
the barrier becomes so thin that electrons may penetrate through 
it (the “ wave-meohanioal tunnel effect”). This gives the 
“ forward” direction as the flow of electrons from metaJ to semi- 
conductor, which is, unfortunately, the wrong way round. The 
tb^ry, at first sight so attractive, has other defects and has to be 
abandoned, thoug)i the possibility of the tiume], effect taking part 
in the flow of current must sometimes be borne in mind. 

Mott (Proc. Boy. Soc., A171, 27, 1939) starts from Fig. 4 (6) 
but postulates thp existence of am insulating layer {c.g. pure Cu,0 
without defects in the case of the cuprous-oxide rectifier) between 
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metal and semi-conduotor, thin enough for oonduotion to be possible 
through it (see Mott and Gurney, loc. cit., p. 168) but thick enough 
to* prevent the wave-mechanical tunnel effect. If now a field is 
applied in such a direction as to raise the level of the oonduotion 
band in the semi-conductor, electrons will be able to flow more 
easily to the metal, but not from the metal. A field in the opposite 
direction increases the height of the barrier from the semi-conduotor, 
but does not make much difference to the flow from the metal. In 
general principle, this gives an acceptable explanation of the rectify- 
ing action, though it leaves many points of detail to be explained. 
It is indeed possible to construct a barrier-layer rectifier with an 
artificial insulation layer, e.g. a thin coat of varnish on the metal, 
and it has been proved experimentally that most of the vcdtage 
drop occurs in the interface region. For a defect semi-conduotor 
the explanation is very similar, but the current in the forward 
direction is carried by positive holes, and the direction of rectification 
is opposite to that with an excess semi-conductor, as is found in 
practice. 

Schottky independently, but at about the same time as Mott, 
put forward a very similar theory of barrier-layer rectification, but 
without postulating an actual resistance layer at the metal surface. 
He examines in detail the effect of the positive space-charge in the 
semi-conductor resulting from the flow of electrons to the metal 
(see Fig. 4 (6)). This space-charge region behaves much in the 
same way as Mott’s insulating layer, because of the deficiency of 
electrons. The effective thickness of the space-charge region will 
obviously depend on the magnitude and direction of the applied 
field, and this fits in with the observed changes in the effective 
capacitance of the rectifier. A summary of Sohottky’s work iuw 
been given by J. Joff6 (Electrical Communicationa, 22, 217, 1946). 
According to Schottfcy’s views the thickness of the space-charge 
region is about 10“*- 10“» cm., and for a given semi-conductor 
the height of the barrier, naturally depends on the work- 
function <ft of the metal. For an excess semi-conduotor, the larger 
^ the krger is the reverse resistance of the barrier, and for a defect 
semi-conductor the best rectification should occur with a inetal 
having a low <f>. Schottky quoted the result of some measurements 
to support these predictions, but more recent work (e.g: A. V. JOffii, 
J. Fhya. U.8.S.R:, 10, 49, 1946) shows little or ho agreement. 

In an important recent paper, J. Bardeen (Phya. Beif., 71, 717, 
May 15, 1947) examines in greater detail the nature of the contact 
between a metal and a semi-conductor, and particularly the effects' 
of electronic states in the surfhoe of the semi-conduotCr. Originally 
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studied by I. Tamm for a one-dimensional crystal and for a three^ 
dimensional crystal by W. Shockley (Phys, Bev., 56 , 317, 193d), 
the surface states are shown to lead to levels additional to the 
impurity levels in the forbidden region between the filled and 
conduction bands of a semi-oonduotor. The number of the surface^ 
energy states is equal to the number of surface atoms, and half of 
them are filled in a neutral crystal. There may be, of course, 
additional localised surface-energy levels arising from surface 
imperfections, impurities, etc. The surface-energy states may 
form a continuous distribution if they are sufficiently dense for 
there to be interaction. Bardeen shows that the surface states 
with the consequent surface charges may influence considerably 
the potential distribution near the junction of a metal and a semi- 
conductor. This would make the potential -barrier height practically 
independent of the work-function of the metal. A pointer in this 
direction is given by the results described in a following paper 
(W. E. Meyerhof, Phya. Rev., 71 , 727, May 15, 1947), which show 
that in some cases the contact P.D. between a metal and a semi- 
conductor is not the same as the difference between the work- 
functions of the two materials measured independently. 

The two papers last quoted show that the whole subject of 
potential banders at the surfaces of solids needs careful re-examina- 
tion. There are many additional interesting questions arising from 
bander-layer rectification and related , phenomena, and some of 
these may form the subjects of future reviews. 

A very useful bibliography of literature on rectifiers and semi- 
oonductors has been published by H. K. Henisoh (B.A.E., Fam- 
borough, Jan. 1947). 

GENERAL AND PHYSICAL CHEMISTRY. By J. W. Smith, 

D.So., Ph.Do F.R.I.C., Battersea Polyteolmic. 

Hydrogen Overfotbntial. — If a solution of, for instance, sulphuric 
acid or sodium sulphate is contained in an electrolytic cell with a 
platinised platinum cathode, and a gradually increasing potential 
difference is applied to the electrodes, an appreciable current begins 
to flow and hydrogen is liberated almost as soon as the^ potential 
difference between the cathode and the solution attains the value 
cd* the reversible hydrogen electrode potential of the solution. With 
other metals, however, the potential of the electrode has to be made 
considerably more negative than this reversible potential before 
appreciable hydrogen evolution occurs. The differenoe between 
the reversible hydrogen electrode potential and the potential of a 
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metal electrode at which hydrogen evolution is occurring is called 
the hydrogen overvoltage or overpotential at that electrode. 

Ever since the first systematic study by Caspari in 1899, the 
hydrogen overpotential in various solutions and at various electrodes 
has been the subject of numerous investigations. The reason is not 
far to seek, since not only is it a matter of great theoretical signi- 
ficance but also of great practical importance. For instance, in the 
production of hydrogen by electmlysis a high hydrogen over- 
potential at the cathode means an excessive power consumption, 
as a higher potential difference must be applied to each cell, and also 
excessive heat evolution. On the other hand, in certain electrolytic 
reduction processes much better electrode efficiency is attained at 
electrodes of high hydrogen overpotential. 

Before reviewing the various theories which have been put 
forward to explain the phenomenon, it is well to consider briefly 
a few facts regarding it. In early work, Caspari measured the 
minimum potential at which hydrogen bubble could be formed at a 
small electrode of the metal now generally known as the minimum 
overpotential,'* whilst Coehn and his collaborators determined the 
cathode potential, t.e. the difference between the potential of the 
metal and that of a reference electrode in the close proximity of 
its surface, whilst electrolysis was in progress. The results of the 
determinations by the two different methods showed, however, only 
qualitative agreement in indicating for example that the over- 
potential was low at platinum or iron electrodes but high at lead, 
zinc, or mercury electrodes. 

As early as 1906, Tafel observed that the overpotential increased 
with increasing current density according to the relationship 
I = or Tj ^ a + b logjo I, where rj is the overpotential, I the 
current density, and a, a, and 6 are constants for any particular 
metal. Further, for a number of different metals it was found that 
b had a value of about O il. As this corresponds almost exactly to 
2*3 X 2RT/F, where F is the Faraday constant, this relationship has 
been the main key})oint of the theoretical discussion of the subject. 
This approach hcte also been supported by the observation of Bowden 
{Proc. Roy. Soc.^ 1929, A126, 107) that the value of the constant 6 
increases^ linearly with the absolute temperature over the range 
0^ - 72^ C. 

More recent measurements (Hickling and Salt, TranB. Famdoy 
8oc.y 1940, 36, 1226) have shown that this relationship holds up to 
curreht densities at least of the order of 1 amp. per sq. cmt dn 
for bismuth, iron, nickel, tungsten, gcfld, and platinised 
platinum electrodes, but that at mercury, copper, carbon, cadmium, 



aBNBRAL AND PHYSICAL CHEMISTRY 


677 


tin, aluminium, platinum, rhodium, and lead electrodes deviations 
occur, the overpotential tending to become constant at high current 
density. 

The value of the constant a in Tafel’s relationship, on the other 
hand, varies very considerably according to the nature of the 
electrode metal U8e,d. Some recent values recorded by Hickling 
and Salt (ibid., 1942, 38, 474) are given in Table I. 

TABLE I 

Values or the Constant a fob Various Metal Electrodes 


Mercury . 

1 04 

Bismuth 

0*69 1 Iron 

0-40 1 Gold. . . 

017 

Cadmium . 

0-99 

Aluminium . 

0-58 1 Nickel . 

0*33 1 Hhodium . 

008 

Lead . 

0-91 

Copper . 

0*50 j Tungsten . 

0*27 1 PlatiniBod 


Tin . . . 

0-85 

Silver . 

0 46 ' Platinum 

0*25 1 platinum . 

0*01 


As regards the effect of the nature of the solution used, it was 
demonstrated by Bowden (Trans. Faraday 8oc., 1928, 24, 473) 
that the overpotential is independent of the pVi value of the solution 
over the range 6-6 to 0-8, whilst Bethime and Kimball (J. Chem. 
Physics, 1946, 13, 63) have found that the hydrogen overpotential 
at a mercury cathode in sulphuric acid solutions is independent of 
the acid concentration up to about 2-8 M. (24 wt.-% acid). At 
higher concentrations the latter authors find that the overpotential 
decreases almost linearly with the wt.-% of the acid present. They 
bring evidence to show that above this critical concentration the 
cathodic reaction involves the hydrogen sulphate molecule. In the 
o€wie of phosphoric acid solutions, the overpotential decreases when 
the concentration is increased to above 1 M. 

Hickling and Salt (Trans. Faraday Soc., 1940, 36, 1226) have 
also shown that in the case of the electrolysis of norma) solutions of 
hydrogen chloride in ethylene glycol, ethyl alcohol, and cyclo- 
hexanol, using mercury, tungsten, platinised platinum, tin, and 
lead cathodes, the overpotential is never less than in aqueous 
solution and that the positions, shapes, and slopes of the »?-log I 
curves are essentially similar to those for aqueous solutions. This 
led them to the conclusion that the overpotential is not primarily 
dependent on the environment of the hydrogen ions. Still more 
recently, however, Bockris (Faraday Soc. Symposium, April 1947) 
has studied the overpotential of lead, nickel and copper in solutions 
of hydrogen chloride in methyl alcohol, ethyl alcohol, glycol, formic 
acid, ether, and acetic acid, and mixtures of most of these solvents 
with water. He finds that the effect of the solvent depends also on 
the cathode material. The results for lead and nickel in glyool 
solutions were in aooord with the observations of Hickling and ^t, 
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but in general the overpotential was found to be lower in pure non- 
aqueous solvnnta than in water, and to pass through either a 
maximum or a minimum at intermediate compositions, the variation 
from solvent to solvent being least in the case of nickel. The shapes 
of the jji-log I lines were affected by the solvent to a limited extent 
for all thr^ of the metals. 

From the theoretical point of view a metal electrode in equili- 
brium with a solution containing its ions can be pictured as partici- 
pating in a dynamic process whereby ions from the electrolyte 
deposit on the electrode at the same rate as they pass into solution. 
Under these conditions the electrode attains its reversible potential 
with respect to the solution and there is no net passage of current. 
If, however, the electrode is made very slightly more negative with 
respect to the solution the metal ions must dejKjsit on the electrode 
more rapidly than they dissolve from it in an endeavour to restore 
the equilibrium potential and a current will pass, making the metal 
a cathode. Thus in the case of a copper cathode in neutral copjwr 
sulphate solution the electrode needs to bo brought to a potential 
only slightly negative with res|X5ot to its reversible potential in 
order that rapid deposition of eopper ions may occur. 

The same state of affairs exists in the case of a platinised platinum 
electrode in a ■ solution containing hydrogen ions, provided the 
electrode is in contact with gaseous hydrogen. With electrodes of 
other metals, however, the state of affairs is very different. When a 
negative potential is applied to such an electrode an initial current 
surge occurs, but this current drops rapidly and potentials appreci- 
ably negative with respect to the reversible value have to be applied 
before hydrogen is liberated steadily. 

Superficially the position is closely analogous to that of a gaseous 
mixture, such as hydrogen and oxygen at room temperature, which, 
from the thermodynamic point of view, should combine to form 
water, but to which extra energy must be supplied in order to 
overcome an energy hurdle before they can approach the equilibrium 
state at an appreciable rate. 

The process by which a hydrogen ion from the solution becomes a 
gaseous hydrogen molecule obviously occurs in several stages, and 
therefore the question arises as to which is the “slow’’ stage, 
that is the stage involving the energy hurdle or its equivalent. 

If we write the hydrated hydrogen ion arbitrarily as one 

series of processes which may be visualised is 

(1) Transport of ions to the vicinity of the electrode. ■ 

(2) Detachment of the proton from the water molecule, i.e. tlie 

reaction -f H+ . ' 
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(3) Transfer of or H,'*' to the electrode. 

(4) Transfer of an electron from the metal to the proton, or 1^ 

probably to the HjO"^ ion. 

(5) Combination of the hydrogen atoms to form hydrogen 

molecules. 

(6) Evolution of the hydrogen molecules as gas bubbles. 

This is by no means the only possible series of processes, and 
Ferguson and Bandes (Trans. Ekctrochem. 8oc., 1942, 81, 273) 
suggested no less than fifteen possible steps, any of which ^may be 
slow and this is not necessarily an exhaustive list. 

Since the overpotential depends on the nature of the electrode 
metal rather than on the concentration and character of the 
electrolyte it is very improbable that step (1) above is the slow 
stage of the process. On the other hand, each of the other factors 
mentioned have been suggested as the rate-determining step. 
Many of the theories lead to a relationship between the over- 
potential and the current density of the form of the Tafel relation- 
ship rj --- a b log T, and there is what Ferguson (Faraday Society 
Symposium, April 1947) has called “ an almost frantic attempt to 
include something which may be called ‘ activation,’ also to include 
the expression RT/aP and some sort of a mechanism that will give 
to a the value 0-6.” 

The original suggestion of Tafel was that the slow process was 
the formation of hydrogen molecules from the atoms, this leading 
to the production of a high concentration of hydrogen atoms and 
consequently of a high negative potential on the electrode. Prom 
free energy considerations the standard potential of atomic hydrogen 
at one atmosphere pressure should be about 1'9 volts, so that a 
pressure of 10” atmosphere would be sufficient to account for the 
overpotential of a metal such as zinc (about 0*7 volt). On this 
basis one can attribute the variation in overpotential from metal 
to metal to the difference in their catalytic activities towards the 
pombination of hydrogen atoms. This view seems to be confirmed 
by the fact that several metals such as platinum, palladium, and 
niokel, at which the hydrogen overpotential is low, are also good 
catalysts for the union of hydrogen atoms and for hydrogenation 
reactions, in which the dissociation of hydrogen molecules into 
atoms is probably an intermediate step. Further, it might be 
inferred that the decrease of overpotential with rise of temperature 
is due to the increased velocity of combination of the hydrogen 
atoms. 

. On the other hand, if it is assumed that the adsorbed hydrogen 
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atoms occupy only a small fraction of the surface available to them, 
and that the rate of combination of the atoms is proportional to ra*, 
where n is the number of adsorbed atoms per sq. cm., the over- 
potential will be given by jy = (RT/F) In. n/n©, where is the 
number of adsorbed atoms per sq. cm. at the reversible potential. 
For conditions such that n remains constant we obtain, by equating 
the rates of formation and disappearance of hydrogen atoms the 
expression I = fcn* = Alternatively, if 

account is taken of the fact that the observed current is equal 
to the rate of combination of hydrogen atoms minus the rate of 
spontaneous dissociation into atoms, the latter being independent 
of the potential and equal to lo, this leads to the expression 
I = — 1). It will be noticed that this theory leads to a 

value of 2 for a in the Tafel relationship, giving 

t] = a + (RT/2F) In. I = a -f 0-029 log I 

at 18°, whereas the factor b in many cases is 0-11, requiring a vidue 
of 0-6 for a. This is the main argument which has been levelled 
against the theory. 

The kinetics of the combination of hydrogen atoms on the 
electrode was considered in detail by Horiuti and his co-workers 
(Sci. Pap. Inst. Phya. Chem. Res. Tokyo, 1936, 29, 223). They 
suggested that, in addition to the direct interaction between adsorbed 
hydrogen atoms, the removal of the atoms may also occur by an 
“ electrochemical mechanism,” i.e. by the interaction of a hydrogen 
atom adsorbed on the electrode and a hydrogen ion from the solution, 
thus 

H,0-^ - H - M + «-♦ H, + H,0 -I- M. 

During the last few years this theory has been revived strongly 
and extended, with various modifications, particularly by Hickling 
and Ferguson and their co-workers. Thus Hickling and Salt {Trans. 
Faraday 80 c., 1942, 38, 480) postulate that the discharge of hydrogen 
ions takes place rapidly to give hydrogen atoms adsorbed on the 
electrode surface, but that the removal can occur {a) by evaporation 
to give free atomic hydrogen, this taking place to a considerable 
extent only in the presence of a depolariser ; (6) by the oatalytie 
combination of two adsorbed hydrogen atoms, and (c) at high current 
density when the available surface is nearly saturated by Horiuti’s 
electrochemical mechanism. 

Ferguson and his collaborators take a rather wider vietrpoint 
of the matter. Asa result of an osoillograpldo study of the pot^tial- 
current curves immediately after the circuit was closed, Fergusbn 
and Bandes {Tram. Eleetroohem. Soc., 1942, 81 , 273) concluded that 
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the behaviour observed could be explained on the assumption that 
the back potential at an electrode was due to the discharge, and 
thus to the liberation of, an active material at the electrode surface 
even at the lowest applied potential. The excessive current observed 
when the current was first closed was attributed to a lack of active 
material at tlie electrode, this surge of current liberating active 
material rapidly until such an amount is formed as to give a back 
potential practically equal to the applied potential. At the same 
time the current will decrease to such a value as is required to 
replace the active material lost by diffusion or otherwise. They 
infer that the over|K)tential depends on the activities of atoms and 
ions at the electrode-solution interface, and that the irregularities 
which are evident in all of charge and discharge curves must 

be due to the factors or forces which determine these activities. In 
such case the overpotential should be calculable from the activities 
by the Nemst equation if numerical values for such activities could 
be obtained. 

Tliey suggest that some of the factors and forces which have to 
be considered in relation to the surface equilibrium are 

(а) penetration of hydrogen atoms beneath the electrode surface 

before being discharged ; 

(б) development of intense pressures below the metal surface ; 

(c) diffusion of discharged atoms from beneath to the surface, 

and even into the solution ; 

(d) adsorption of discharged atoms, ions, and water molecules at 

the metal surface ; 

(e) diffusion of atoms along the metal surface ; 

(/) interfacial forces between the metal, solution, and gas ; 

(g) orientation of water molecules at the electrode surface, and 
its alteration with the applied potential ; 

(A) change in the ion concentration in the really effective solution 
layer, one or two molecules thick, at the electrode surface 
due to adsorptive forces, orientation at the electrode, 
diffusion into and from the body of the solution, electrical 
conduction, electrical discharge, and the accompanying 
liberation of the solvent molecules at the electrode surface 
and a ‘‘ salting-out ” effect due to solvent orientation at 
the electrode surface. 

A completely distinct view of the cause of overpotential, namely 
that the slow process is the discharge of hydrogen ions, was initiated 
by Smits in 1922 and developed by Erdey-Gruz and Volmer {Z. 
phydhah Ohm,, 1930, 150, 203). This theory differs from the 
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lafit in Bupposing that the effect is due to the accumulation at the 
surface of undiecharged ions rather than neutral hydrogen atoms. 
The hydrogen ions which pass to the cathode are regarded as not 
being discharged at once but, with the electrons of the metal, 
forming an electric double layer which acts as a condenser, the 
potential difference across which comprises the overpotential of the 
electrode. If practically no ions are discharged whilst this double 
layer is being built-up, the potential across the layer will increase 
proportionately to the total quantity of current passed, as is observed. 
It is supposed that the condition for an electron to be able to cross 
the barrier and discharge a hydrogen ion is that the ion and electron 
between them must acquire a certain activation energy. As the 
potential of the double layer is increased the potential energy of 
the doublet is increased and consequently a greater proportion of the 
iouTelectron pairs attain the necessary activation energy, and hence 
the rate of discharge of hydrogen ions increases. The equilibrium 
value of the overpotential at any particular current density is 
therefore that value at wliich the rate of discharge of the ions across 
the double layer becomes equal to the rate at which they are trans- 
ported to the surface. 

On the basis of this view it was found possible to derive a 
relation t] = a + (RT/aF) In. I, where a must have a value less 
than unity. If a is approximately equal to 0-5 this is in accord 
with observation. The low ovei*potentials observed with platinised 
platinum were attributed to the existence of numerous cavities of 
atomic dimensions in the metal surface, the ions entering these 
recesses becoming more or less neutralised by the electrons of 
the surrounding platinum atoms, with which they form dipoles of 
very small moment, thus producing the behaviour of discharged 
ions. 

This theory has been developed particularly by Frumkin 
{Z. physiJcal Chem,, 1933, A164, 121 ; Acta Physicochim. U.R.8.8,, 
1943, 18, 23) adopting Stern’s theory of the double layer. He 
supposed the total potential difference between the metal and the 
solution to comprise two parts, the potential difference across 
the Helmholtz double layer and the potential {<l>g) across the diffuse 
(Gouy) part of the double layer. On this basis the rate of dkoharge 
of ions (current) is given by 

where the hydrogen ion concentration on the solution idd^ of • 
the Helmholtz double layer, is related to the concentration in the 
body of the solution [H"^3p by the relation [H^]^ =» 
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It follows therefore that 

(RT/F) In. [H+L - (RT/F) In. [H+L 
and hence 

<f,f, - (RT/oF) In. I - (RT/aP) In. [H^], + constant 

= (RT/aF) In. I — (RT/aF) In. [H ^ £ — <^^/a f constant. 

The total potential across the double layers is therefore given by 

(RT/aF) In. I (RT/aF) In. [H 

- ( 1 — OL)<f>g/oi + constant. 

Since the reversible potential <f)^ is equal to a constant — 
(RT/F) In. ]o, and the over{)otential is given by r; = 
rj - (RT/aF) in. 1 ~~ (i - a)RT/aF In. [H^J^ - (I - oL)<l>Joi 

, + constant. 

This expression is partially confirmed in a qualitative manner by 
experiment, but there are a number of observations whjch are in 
conflict with it, and considerably more experimental work seems 
to be required before its implications with regard to the effects 
of neutral salts on the overpotential, for instance, can be tested 
completely (Agar, Fanuiay Society Symposium, April 1947). 

Other aspects of this theory have also been put forward by 
various authors, the most distinctive being that of Gurney, who 
pictured a free atom ratlier than an adsorbed atom os the product 
of reaction. He suggested that an energy barrier exists between 
the electrons in a metal and an ion approaching it, and that, in 
accordance with the laws of quantum mechanics an electron will 
only be able to pass through this barrier fix)m a certain electronic 
energy level to a level of similar energy in the hydrogen ion. Hence, 
if the energy of an electron in the highest occupied energy level 
of the metal is loss than the energy correBponding to the lowest 
available electronic level in tlie hydrated hydrogen ion, no electron 
can pass from the one to the other and hence the ion cannot be 
discharged. This state of affairs will hold at absolute zero. At 
other temperatures a few electrons only will exist in levels which 
permit transfer, and therefore the latter process will be extremely 
^ow. When a negative potential is applied to the electrode, how- 
ever, the energies of the electrons are raised untU they attain values 
which permit the transfer to occur. On the basis of this theory 
Qnmey derived an expression of the usual form involving a factor « 
which, like that in tlie theory of Erdey-Gruz and Volmer, is 
approximately constant and less than unity. 

The great difficulty with regard to these theories, however, is 
the explanation of the variation of the factor a in Tafel’s relations- 
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ship with the nature of the cathode material, and with its physical 
state. In the case of the theories which assume the formation 
of an adsorbed hydrogen atom it is evident that, since the heat 
of adsorption of hydrogen atoms varies considerably, this process 
will be much easier in some cases than in others, with the result 
that some metals will show much lower overjx)tential8. In so far 
as Gurney’s theory is concerned, his constant includes a function 
comprising the energy of the electron in the highest occupied level 
of the metal and the energy of neutralisation of the hydrated ion, 
the former of which will vary with the metal concerned. Tliis, 
however, still does not explain the catalytic properties of metals 
of low hydrogen overpotential. 

In view of the difficulties which are iiiherent in considering the 
discharge of an ion by an electron to be a slow process, Eyring, 
Glasstone and Laidler (J. Chem, Physics, 1939, 7, 1053) developed 
a theory which supposed the transfer of a proton to be the rate- 
determining step in the process and hence the cause of hydrogen 
overpotential. In this theory it is assumed that, in the absence of 
solutes which are strongly preferentially adsorbed on it, an electrode 
in an aqueous solution becomes covered to a considerable extent 
with a unimolecular layer of water molecules. Next to this there 
will be water molecules associated with the bulk of the solution, 
and they suggest that the transfer of a proton from a water molecule 
in the solution to a molecule which is adsorbed on the surface of 
the electrode is a slow process and is responsible for the ovei*potential. 
The proton is then pictured as being discharged immediately by an 
electron from the metal to form a hydrogen atom, a hydroxyl ion 
being left in the solution. The whole process can therefore be 
represented 

8 . . . H,0 + H,0 . . . M-> 8 , . . OH' + 

This theory leads directly to a value approximately equal to 
2BT/F for the factor 6 in the Tafel equation. It also suggests 
that if the metal electrode adsorbs hydrogen strongly, as in the 
cases of metals such as platinum, palladium, nickel, or copper, 
relatively stable M — H bonds will be formed and so the proton will 
pass from the solution layer to the electrode layer more readily 
than if it only forms weak bonds, as for instance in the case of 
mercury, and therefore it will have a much lower overpotential. 
Similarly the metals which form strong bonds to hydrogen atoms 
will also be good catalysts for the combination of hydrogen atoms 
to form molecules, but this does not imply that overpotential need 
be due to the presence of atomic hydrogen. The two phenomena of 
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low overpotential and high oatal 3 rtic activity are simply regwpded 
as both being due to the same basic cause, the ease of formation 
of metal to hydrogen bonds. 

The fact that the overpotential builds up linearly with the 
amount of current passed is explained by supposing that the water 
molecules on the electrode surface are present as hydrogen and 
hydroxyl particles, so that whilst the potential is being built up 
the hydroxyl radicals unite with electrons to form OH' ions on the 
surface, thus 

H] 

VM -> i-M 
HoJ HO'J 

This is regarded as being the only cathode process which takes 
place before the overpotential is attained, so that the amount of 
hydroxyl ion formed will be proportional to the quantity of current 
passed. If these negative ions are balanced by an equal number 
of positive ions trans})orted by the current from the solution layer 
to the electrode layer, the potential of the double layer should 
increase linearly with time. 

'riie application of the theory of absolute reaction rates to the 
processes concerned, however, led to a function for the specific 
rate of discharge of ions which involved the total potential of the 
electrode. The exptirimental data were foiuid to be in accord with 
this relationship, however, if the overpotential was substituted for 
the total potential. To explain tliis observation the theory was 
extended by Kimbali, Glasstoue, and Glassner {J. Chem. Phyaica, 
1941, 9, 91). They postulated the existence of two electrical 
double layers, with two corresponding energy barriers, at the surfsioe 
of the electrode. If the barrier nearer the electrode is the higher 
the overpotential will be essentially established across this layer, 
whilst the variation of the equilibrium potential caused by changes 
in the hydrogen ion concentration of the solution is established 
across the outer double layer. Since the rate of discharge is 
determined by the potential difference across the inner double layer 
it is a function of the overpotential rather than of the total potential, 
llie authors point out that both barrier layers may correspond with 
proton transfer from one water molecule to another or less probably 
to the discharge process in which a hydrogen atom is formed. 

This theory and its extension have been subjected to veiy 
severe criticism, however, particularly by Frumkin ( J.cto 
PhyaioocMm. U.B.8.S., 1940, 12 , 481) cmd by Butler {J. Ghem. 
Pastes, 1941, 9, 279).. 

A very different {acture of the phenomenon is presmited by the 
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views of Newbery (Trans. Faraday floe., 1947, 43, 127). He oon- 
siders that when hydrogen is being released at a cathode there is 
formed a condenser, the film of hydrogen gas acting as the dielectric 
and the metal electrode and the electrol}^©, respectively, as the 
plates. If this film has a thickness equal to the diameter of a 
hydrogen molecule (about 1-6 a.) its capacity should be 0 per 
sq. cm. This, ho points out, is in accord with the observation of 
Bowden and Rideal (Proc. Roy. Soc., 1928, A120, 73) that, when 
certain electrodes wore immersed in dilute acid which had been 
very thoroughly saturated with hydrogen, 6 micro-coulombs were 
required to change the potential of 1 sq. cm. by 100 millivolts. 
He points out that this gas film condenser differs from the double 
layers postulated by other theories in that the latter would be 
equivalent in effect to a condenser in parallel with a resistance. 
Since its action is due to ionic concentrations near the electrode 
differing from those in the bulk of the solution this arrangement 
is capable of absorbing electrical energy reversibly by acquiring a 
state of strain under the influence of an applied B.M.F. As the 
strain induced by an alternating current will dei>end in part on the 
rate at which the ions are displaced, the capacity will vary with 
the frequency. On the other hand, the capacity of the gas film, as 
a true condenser in series with the cell circuit, will not vary with 
frequency. Also, whereas the double layers normally postulated 
permit free passage of direct current, the gas film will stop the flow 
of current completely unless the potential applied is sufficient to 
break through the <fielectrio. 

Newbery’s strongest arguments, however, arise from the fact fJiat 
the Helmholtz type double layer could be produced by any ions, 
and does not involve the discharge of these ions, whereas the gas 
film could be produced only after a gas has been liberated on the 
electrode surface. In this connection he has found that no sudden 
fall in potential close to the electrode surface can be observed by 
means of an oscillograph uidess a gas is being liberated, copper, 
silver, lead, or mercury in solutions of then’ respective ftalts showing 
no overpotential. He also found that when his reference electrode 
was moved away from its normal position in close contact with the 
experimental dectrode, no detectable change could be observed in 
the potential at low current densities, whilst at higher ourrraat density 
the change could be accounted for foHy by the potential drop due 
to the resistance of the electrolyte. As the space between the 
capillary and the electrode was about 0-01 mm. or less he considers - 
that it did not leave much room for a diffuse Gotiy layer. 

His {ncture : of the mechanism of the liberatioh Of hydrogen 
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iiiTolves an initial rush of hydrogen ions to the surface as soon as the 
potential is applied, the first to arrive being discharged and fonaing 
a gas film over the surface. This gas tends to re-ionise and exert 
a back E.M.F. against the applied potential, but at the same time 
it forms the very thin dielectric of a condenser. As more ions 
arrive their discharge is opposed by the gas film and the condenser 
is charged, great pressure being exerted on the gas film. As the 
potential gradient across the gas film increases, leakage begins, but 
every leak is self-sealing so the electrical resistance of the film 
decreases steadily without any sudden breakdown ; at the same 
time the highly compressed gas is forced into the electrode surface, 
tending to disintegrat-e it and destroy any pohsh. Under the 
influence of the intense pressure, metallic hydrides are formed which 
tend to ionise with higher solution pressure than that of hydrogen. 
Reversible overpotential is therefore attributed to the presence of 
these overvoltage compounds. The bulk of the gas is supposed to 
be liberated by the passage of electrons through the gas film, ions 
thus discharged outside the film aggregating readily to molecules 
and then to gas bubbles large enough to overcome surface tension 
forces and escape. 

This conflict between various viewpoints is not altogether 
unexpected if one bears in mind the differences in the characteristics 
of the metal surfaces at which overpotential phenomena occur. 
Broadly speaking, metals can be divided into two classes, the metals 
such as platinum and nickel which adsorb hydrogen strongly, and 
the others, typified by mercury, which do not adsorb it appreciably. 
This difference is shown up in the relative ease of liberation of 
light hydrogen and of deuterium at cathodes of these metals ; for 
the first class of metals the isotope separation factor is about 7, but 
for the second class it is only about 3. 

•Some years ago Hammett {Trans. Faraday Soc., 1933, 29, 770) 
suggested that the two stages + s ^ H and 2H may both 
be of signifioapoe in determining the overpotential, and that the rela- 
tive importance of the two steps may depend on the nature of the 
metal surface and the current density. That such a view is necessary 
tb explain aU the phenomena associated with the electrode process 
has been appreciated to a greater and greater extent recently. 
That there may be a dual mechanism even at the mercury cathode 
is suggested by the observations of Ganguli .( J. Indian Chtm. Soc., 
1940, 17 , 691), who studied the electrolysis of O’l N. sodium sulphate 
sbjutidii containing various concentrations of maleic or fumario 
Acid, observing the change in cathode potential after switohiag off 
the current. When the potential relative to a deoinormal calomel 
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electrode was 1*35 to 1'5 volts immediat^y after interrupting the 
current, the potential rose during the first few minutes and then 
decayed exponentially. On the other hand, when the initial 
potential was outside these limits it began to decay immediately, 
as in the absence of reducible material. This behaviour was 
interpreted as being in accord with the view that both the trans- 
ference of an elpctron from the electrode to the hydrated hydrogen 
ion and the combination of hydrogen atoms adsorbed on the 
electrode are slow processes with comparable velocities, the combina- 
tion of these effects accounting for the potential build-up when the 
current is broken whilst the cathode potential has attained a oertain 
value. 

Frumkin (Acta Phyaicochinn. U.R.S.S., 1937, 7, 476), on the other 
hand, considers that the difference between mercury and other 
non-hydrogen-adsorbing metals on the one hand, and nickel and 
platinum on tbe other, lies in the slowness in the neutralisation of 
the ion in the former case, where the proton is rapidly desorbed, 
as against electrochemical reaction with other metals whereby the 
proton is transferred from an UyO'^ ion to an adsorbed hydrogen 
atom. Horiuti and his co-workers (Bull. Chem. 8oc. Japan, 1938, 
13^ 228), however, have shown by oscillograph methods that the 
Hg'*' ion exists at the surface of a mercury cathode, so it is evident 
that the process must be of a relatively complex order. 

From this summary it will be appreciated that the whole subjeot 
is very complicated, and no theory has yet been put forward which 
is fully satisfactory in every detail. Such, in fact, is not to be 
anticipated until much more experimental data has been collected, 
and tbe relationship of overpotential to other phenomena more 
dearly established. 

BIOCHEMISTRY. By W. O. Kebmaok, D.Sc., LL.D., F.R.8., Rbyal 

OoHego of Physioians’ Laboratory, liklmbiirgh. . > 

Thb Absorption and Metabolism op Fat 

Rboent articles in this series have dealt with advances in the fiel^ 
of protein and carbohydrate chemistry. It seems appropriate to 
devote a few pages to a review of some recent 4t)vdopmentB which 
shed light on the fate of fats in the animd organism. We slujl 
deal more particularly with two questions : how is neutral fat 
absorbed from the alimentary canal ? and by what mechanism are 
the fatty adds oxidised in the tissues of the body ? We shall i^lfo, 
refer btriady to recent progress in the manufacture of synthetic; fats 
and thedr possibilities for human nutrition. | . 
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ABSOBmoN OF NBtTTRAii Fats fbom thb Aumbbtaby Canal. — 
Durmg the nineteenth century, the view was widely held that 
neutral fats were absorbed from the intestine in paiticulate form 
without preliminary hydrolysis into fatty acids and glycerol. In 
Cie face, however, of apparently conclusive evidence, this view was 
generally abandoned, and most authorities became convinced that 
hydrolysis of the fats under the action of pancreatic lipase was a 
necessary preliminary to absorption from the alimentary tract (see 
Leathes and Raper, The Fats, 2nd edition, 1925, Chap. 6). The 
relatively small molecules of glycerol and fatty acids were supposed 
to be readily absorbed through the epithelial cells of the small 
intestine ; within the intestinal wall, resynthesis of the neutral 
fat from the glycerol and fatty acids was postulated, and this 
neutral fat, in a finely emulsified form, was transported by way of 
the lacteals and thoracic duct to the vena cava, whore it entered 
the blood, producing the characteristic opalescence of the plasma 
which occurs an hour or two after a meal containing fat. 

It seemed rather quaint that neutral fat should be completely 
hydrolysed, only to be resynthesised almost at once. Yet this 
theory of fat absorption was supported by much experimental 
evidence, such as that of Frank (Z. Biol., 1898, 36, 668) that when 
the ethyl ester of fatty acids was fed to dogs it was the glycerides, 
and not the ethyl eaters, that were found in tlie thoracic duct ; or 
that of Henriques and Hausen {Centr. /. Physiol., 1900, 14 , 313 ; 
cf. similar resets of Bloor, J. Biol. Chem., 1913, 15 , 106), who 
administered a mixture of lard and vaseline to rats and found that 
the lard was mostly absorbed, but the vaseline was almost completely 
excreted in the faeces. 

During the past ten years the whole question has been reopened 
by the work of Frazer and his Colleagues. (For a recent summary 
see Frazer, Chem. and Ind., 1947, 379 ; also Physiol. Rev., 1946, 
26 , 103). Frazer (Analyst, 1938, 63, 308 ; J. Physiol., 1943, 102 , 
306, 329) found evidmice that the absorption of olive oil on the one 
hand, and of a mixture of glycerol (1 mol.) and oleic acid (3 mol.) on 
the other, from the intestines of rats took place by different routes. 
After administration of olive oil, fat ^obules appeared in relatively 
large numbers in the systemic blood, with few in the portal blood ; 
with a mixture of glycerol and oleic acid, the opposite was found. 
Farther, if the lipoid material was stained with Sudan IV, the 
depot fats contained the dye in the former case, and the Hver fata 
m the latter. These results strongly suggested that neutral fats, 
e.^. oHve oil, are absorbed through the laoteala and the thorade 
duct, so pasamg directly into the blood>stream and on to the fat 
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depots, whilst the mixture of glycerol sjid fatty acids appears as 
fat in the portal vein and so passes into the liver. When the 
olive oil was administered along with a plentiful supply of lipase, 
the absorption proceeded very much the same as with the mixture 
of glycerol and oleic acid. The high concentration of lipase might 
be expected to effect hydrolysis of the fat very rapidly and so cause 
it to be absorbed like a mixture of oleic acid and glycerol. The 
implication is that, imder normal conditions, neutral fats are not 
completely hydrolysed, but that unhydrolysed fat is capable of 
being absorbed into the lactcals. 

Frazer and his co-workers adopted the hypothesis that the 
essential condition for the absorption of fat from the intestine is that 
it should be very effectively emulsified. After the administration 
of olive oil, the fatty particles in the intestinal canal of the rat were 
found to have a diameter of less that 0-5 (i. The failure of non- 
hydrolysable fat-like substances, such as paraffin, to be absorbed 
from the intestine was one of the facts which seemed to support 
the orthodox view. However, Frazer foimd that the partacles of 
paraffin administered to a rat did not normally fall below- 10 in 
the intestine, and it is not surprising that these large particles fad 
to be absorbed. If the paraffin was deliberately emulsified before 
administration, so that the particles were much smaller, absorption 
did take place ; the smaller the particles the greater the degree of 
absorption. When the diameter of the particles was of the order 
of 0*5 /i, the absorption in six hours was about 40 per cent., a figure 
comparable with that obtained with olive oil imder similar conditions. 

If fat can be absorbed without hydrolysis, what then is the 
function of the lipases in the intestinal tract ? Frazmr’s view is 
that the lipase promotes the emulsification of the fat. . This it does 
by acting on some of the fat to form substances siding in this 
emulsification. Much light is shed on this point by experiments 
reported in two recent papers. 

In one paper (Frazer, Sohulman and Stewart, J. PhydtA., 1944, 
103, 30©) the power of various substances and combination of 
substanoes to promote the emulsification of neutral fats was investi- 
gsted. The substanoes they used were : soap (sodium oleate), 
cholesterol, bile salts and monoglyceride (glycerol with <me Jhydroxyl 
group esterified with fatty add). Experiments were carried out at 
diffierent pH values, and in estimating emulsifying power the 
criteria used were : smaHness of particles, spontaneity of emulsifi- 
cation and stability of emulsioa. It was found that to bring about - 
efficient emulsification soap must foe present. If tfak were present, 
its emalB%ing power was increased substantifl^y by monoglyoeride ; 
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without bile salts, even a combination of monoglyceride and soap 
was of little use, unless the pH was above 7. The addition of bile 
salts made the emul 8 if 3 ring power almost independent of the pH 
over a wide range, and such mixtures, containing soap, monogly- 
ceride and bile salts, emulsified well, even on the acid side of neu- 
trality. Cholesterol did not seem to have any significant effect. 

In another paper, Frazer and Sammons (Biochem, J., 1945, 39, 
122) examined the action of pancreatic lipase on olive oil under a 
variety of conditions. Bile acids were added to promote emulsifi- 
cation, and the pH was varied from 6 to 10-6. The most striking 
result was that, though in the first four hours considerable quantities 
of free fatty acid ap|xmrod (up to about one-third of the maximum 
theoretically possible), no trace of glycerol could be detected. 
Control c.xperiraents showed that the conditions were not such as 
to destroy added glycerol. After forty -eight hours, the amount of 
free fatty acid had risen to fully one-half of the maximum and the 
amount of lilH^rated glycerol wm comparatively small. Analysis 
of the reaction mixture proved that considerable quantities of 
mono- and di-glycerides were present. The conclusion drawn is 
that lipase readily splits off one, and oven two fatty acid molecules 
from a neutral fat, but that it removes the third fatty acid only 
very slowly. In the few hours during which fat is submitted to 
lipase action in the small intestine, at most only traces of free 
glycerol can be formed. 

It is perhaps surprising that this important circumstance should 
not have been recognised earlier. Home observations bearing on 
the point were raa(ie by Terroine {BiocJtem. Z., 1910, 23, 404), 
who found that pancreatic lipase, acting on triacetin and tributyrin 
(the glycerides of acetic and butyric acid respectively) removed the 
first acyl group readily, the second more slowly, and the third very 
slowly, indeed. This early clue does not seem to have been followed 
op, and it is n(M> clear from Frazer’s papers whether he was aware 
of these results of Terroine. It appears to be an example df some 
highly signifieant facts being discovered, then lapsing into obsourity, 
to ])e rediscovered independently a generation latw. 

Frazer and his co-workers, then, seem to have made out a strong 
case for discarding the view held generally twenty years ago, tmd 
for believing that a considerable proportion of the fat taken by 
mOuth is absorbed without hydrolysis. Some hydrolysis admittedly 
takes jdaoe, but the products of this hydrolysis, besides fatty aoids, 
are mono- and di-glyoerides ; little, if any, glycerol seems to be 
formed^ in the small intestine under the conditions of normal digest 
tion. The finely emulsified, unhydrolysed fats are absorbed into 
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the laoteals and pass to the thoracic duct ; free fatty acid is mainly 
taken up intip the portal system. The authors have confirmed and 
elaborated this general picture by many observations, biochemical, 
physiological and histological, for which the original papers must be 
consulted. The wheel has turned full circle, and we have reverted 
to a view not very different from that commonly held fifty years 
ago. We have stiU to reckon with some of the experimental findings 
which previously led to the rejection of this theory, for example the 
observations of Henriques and Hausen on the preferential absorption 
of lard from a vaseline-lard mixture administered to rats. Further 
work is evidently required before the problem can be regarded as 
fitudly solved, but meanwhile, though all difficulties have not yet 
been removed, the evidence presented by Frazer and his colleagues 
seems cogent and convincing. 

Intbbmbdiatb Mbtabolxsm of Fatty Acids. — ^We are still in 
much ignorance as to the exact steps by which fatty acids are 
oxidised in the animal body, and in particular as to bow the energy 
liberated in this oxidation is transformed into mechanical work. 
During the past decade, a new method has become available for 
tackling these and similar problems of metabolism ; by using 
isotopic hydrogen, or carbon, or nitrogen, it is possible to “ label ” 
specific atoms in a molecule, and with the help of this label to 
follow the one particular atom through its metabolic career. This 
powerful method has made it possible to tackle problems which 
previously seemed too difficult to be soluble, and already a flood of 
light has been cast on many obscure questions. For an account 
of methods used and the results of earlier work, Schoenheimer’s 
well-known book. The Dynamic Utate of Body Constituents (Harvard 
University Press, 1942), may be consulted. 

Weinhouse, Medes and Floyd have used labelled carbon (carbon 
trath an excess of “C) to investigate the mechanism of oxidation of 
fatty acids in animal tissues. The fatty acids found in nature are 
in general straight-chain fatty acids, containing an even number 
of carbon atoms. It is known that oxidation of such acids in 
vitro by liver slices leads to the formation of aoetoaoetic afid, 
CHgCO.CHtCOiH. As this acid also appears in the blood and 
urine of animals and man during starvation, as well as in certain 
pathological conditions such as diabetes, it is generally regarded as 
a product of the oxidation of fatty adds ; normally it is apparently 
further metabolised and so does not accumulate. It was su^est^ 
by Knoop that fatty adds in the body Undergo /S-oxidation. This, 
means that the carbon atom next but one to the carboxyl group 
is oxidised ; a fatty-acid molecule two carbon atoms shorter than 
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the original one is produced, and a two-oarbon atom fragment is 
set free. A simple and plausible assumption is that the two-atom 
fragment takes the form of acetic acid. According to this view, 
any fatty acid with an even number of carbon atoms greater than 
four is broken down to butyric acid, OHjCHjCHgCO,H, in successive 
stops, two carbon atoms being lost at each step. The but^irrio acid 
then undergoes further /3-oxidation, with the result that acetoacetic 
acid is formed. On this theory, the' carbon atoms of the acetoacetic 
acid are the four terminal carbon atoms of the original fatty acid, 
furthest from the carboxyl group. 

An alternative view of the genesis of acetoacetic acid is possible. 
This view is also based on the idea of /3-oxidation. We may imagine 
that the whole of the fatty acid is oxidised in steps with the formation 
of acetic acid, and that some of the acetic acid is rosynthesised by 
random combination of jjairs of molecules into acetoacetic acid 
2CH3C0,H - CH,(X)CnjCO,H f HjjO 

A third view has been suggested by Hurtley (Quart. J. Med., 
1916-16, 9 , 301) and supported by .Towett and Quastel (Biochem. J., 
1936, 29 , 2159), according to which oxidation takes place more or 
less simultaneously at alternate carbon atoms, followed by random 
fission throughout the chain, thus : 

CH,- CH,-CH,— CH,~CH, -CH, -CH,— UOOH 
CH,- CO— CH,— CO— CHj^’O— CHj COOH 
2CH,— CO— CH,— OOOH 

or » 

CH,— CO— CH,— COOH + aCHjCOOH 

In order to decide between these three theories, Wein- 
house, Medes and Floyd (J. Biol. Ohetn., 1944, 153 , 689 ; 
1944, 155 , 143 ; 1946, 157 , 38) prepared n-ootanoic acid, 
CH,CH,CH,CH,CH,OH,OH,CO,H, in which the carbon of the 
carboxyl group was labelled by containing an excess of ^*0. This 
acid was oxidised in presence of rat-liver slices, and the resulting 
acetoacetic acid collected and examined. The acetoaoetio acid was 
found to contaui some labelled C ; this labelled C was located 
wholly in the -carboxyl and the CO — group, there being none in 
the OH,— or — OH, — groups. The excess of ^*0 in the carbon 
of the — GO — group was, within experimental error, the same as 
that in the cari^xyl carbon. It will be seen at once that these 
reeults are at variance with the requirements of the first theory, 
as to the mechanism of acetoacetic acid formation ; for, according 
to it, the lour carbon atoms in the acetoacetic acid represent the 
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four terminal carbon atoms of the original fatty acid, and so should 
contain no Jabelled carbon. They are also at variance with the 
third theory ; for, according to it, only the carboxyl group of the 
soetoaoetic acid could bo derived from the carboxyl group of the 
fatty acid, and the — <30 — group could not contain labelled carbon. 

The experimental results, in fact, show that the labelled carboxyl 
group, present in the octanoio acid, contributes just as much to the 
— CO — group as to the carboxyl group of the derived acetoaoetio 
acid. These findings are in complete harmony with the second 
theory, according to which the acetoacetic acid is formed by random 
recombination of the acetic acid molecules produced during the 
/9-oxidation of the fatty acid. Any acetic acid molecule containing 
labelled carbon in the carboxyl group has equal chances of com- 
bining so that the labelled carbon is in the carboxyl group or in the 
— CO — of the resulting acetoacetic acid. Thus the excess of **C 
in these two positions should be equal. 

When n-butyric acid containing labelled carbon in the carboxyl 
group was employed in the exix^riments instead of n-octanoic acid, 
rather more of the labelled carbon was found in the carboxyl group 
of the resulting acetoacetic acid than in the — CO — group. This 
suggests that here some of the acetoacetic acid might be derived 
directly by oxidation of the butyric acid, without intermediate 
formation of acetic acid. The quantitative results, however, 
indicate that the greater part of the acetoacetic acid, in this case 
too, is formed indirectly, with acetic acid as intermediary. 

It is clearly relevant to enquire whether it can be demonstrated 
that acetic acid is, in fact, converted into acetoacetic acid in presence 
of rat-liver slices. That it is has been shown conclusively by 
Weinhouse, Medos and Floyd {J. Biol. Ghent., 1946, 168 , 411), 
who, following their usual technique, used acetic acid labelled 
with »*C in the carboxyl group, and found that the acetoaoetio acid 
produced contained the labelled C in both the — CO^ and carboxyl 
groups, in approximately equal amounts. A similar production of 
acetoaoetio add from acetio acid, but in the intaot animal, had 
previously been demonstrated by Swengseid, Barnes, Hemingway 
and Nier (J. Biol. Chem., 1942, 142 , 47). 

One effeot of the work of Weinhouse, Modes and Floyd is to 
emphasise the importance cd' acetio acid in fat breakdown, It 
suggests, too, that, acetic add may be important in oonueotion 
with the synthesis of fatty acids in the body, lit condenses to 
acetoaoetio add ; on reduction this would give but 3 rrto aoid. By. 
the Btrther condensation of aoetio aoid moleoules, fdllo*»d by 
reduotum, the fatty aoid chain may be lengthenedr and hr ‘this 
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way the syntheftis of the even-numbered higher fatty acids might 
be achieved. That such synthesis does in fact take place is borne 
out by the experiments of Rittenberg and Bloch (J. Biol. Chem., 
1945, 100, 417) with acetic acid containing labelled carbon and 
hydrogen. Animals fed with acetate so labelled are found to 
contain labelled carbon and hydrogen in their body fatty acids. 
This indicates that the fatty acid has, in part at least, been fom\ed 
from the administered acetate. 

It is not only in fatty add metabolism that acetic acid may be 
important. Experiments with labelled acetic acid (Rittenberg and 
Bloch, he. dt.) have indicated that this compound takes part in 
the synthesis of cholesterol in the animal body. Furthermore, 
there is evidence that acetic acid is readily formed in the breakdown 
of glucose ; pyruvic acid and its phosphate is a well-known product 
of normal glycolysis, and these compounds undergo oxidative 
decarboxylation with the formation of acetic acid or acetylphosphate. 
The latter is a compound of high chemical activity, with an energy- 
rich phosphate bond, and it may be in this form that acetic acid 
often acts in its role as a synthetic intermediary. 

Acetic acid, then, is an obvious link between carbohydrate and 
fat metabolism. It has also relations with the metabolism of certain 
aminoaoids, and so it links up with protein metabolism as well. 
In fact, a minor revolution in biochemistry seems to be taking 
place, which is singling out acetic acid as a key compound in meta- 
bolic processes ; only a few years ago, it seemed doubtful whether 
this acid had any signifiowoe at all in animal metabolism. 

Sywthbtio Fats. — ^An interesting account has appeared {Chem, 
and Ind., 1947, p. 261) of the progress made, especially in Germany, 
during recent years, in the preparation of synthetic fats. In the 
process used for large-scale productioii, the starting material was a 
hydrocarbon fraction, b.p. 320'’-460'’, known as “ gatsohe,” obtained 
from the oil produced by the well-known Fisoher-Tropsche method 
from coal through the intermediary of water-gas. This gatsohe is 
oxidised by air at 106” in preqence of permanganate as a catalyst. 
The hydrocarbons are oxidised to fatty acids, hydroxy-fatty adds 
and a number of other products. It is necessary to interrupt the 
reaction while a Imrge proportion of the oil is unattaoked, otherwise 
the fatty acids frvrmed are themselves oxidised, and the yield of 
fatty acids reduced. The recovered gatsohe can be used in suooeedii^ 
batohesu The fatty acids are separated and purified by a somewhat 
elaborate process ; they are finaQy fr'aotionated so as to obtain the 
acids. The product contains all these acids, odd as well 
as even members of the series, in roughly equal amounts. 
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For the actual preparation of the synthetic fat, the synthetic 
fatty acids ure treated with glycerol in a vacuum, in presence of 
tin or zinc as a catalyst. The resulting fat is refined, and may then 
be converted into a margarine-like material by compounding with 
water, salt, diacetyl and carotin concentrates, and emulsifying the 
mixture. The cost of the preparation of synthetic fat is high ; it 
seems that,' imder normal conditions, there is no chance of its 
competing with natural fats. 

A considerable amount of work has been done on the nutritive 
value of synthetic fat, but the results so far are not altogether 
conclusive. From the chemical jmint of view, the essential difference 
between the synthetic and natural fats is that the latter contain 
only fatty acids with an even number of carbon atoms, whilst the 
former contain the odd as well as the even acids. On the whole, 
the evidence suggests that the odd fatty acids are metabolised by 
the animal organism just as well as the naturally occurring even 
ones. This is what would be expected if the fatty acids were broken 
down by ^-oxidation, with the formation of acetic acid. There is 
no obvious reason why the odd members of the series should not 
undergo /^-oxidation just as well as the even ones. There is some 
evidence, too, that triglycerides containing the odd acids are just 
as readily attacked by lipase as are the normal fats. On the other 
hand, when the synthetic fats aj*e actually administered to man or 
animals, it would seem that they are not quite so well absorbed 
from the intestinal tract. If this proves to be a significant obsecva' 
tion, it may be due to differences in physical rather than chemical 
properties ; for examfde, to less facile emulsification. The natural 
fats are usually associated with non-fatty products, for example, 
traces of protein, which may modify thrir physical properties. 

These synthetic fats were used for human consumption in 
Germany during the war. They were produced in qiumtitieB 
which, althougii small in comparison with the total fat oonsumprion 
of the coimtiy, were not inconsiderable in an absolute sense (up to 
2000 tons per year). They were supposed to have especially good 
keeping properties, and so were earmarked for the use of submarine 
crews, and for soldiers on the African campaign. However, the 
palatability of most, if not aU, synthetic fats so far produced seems 
to have bcwn distinctly inferior to that of the natural fate cndinar% 
used for human consumption, and this, idong with their high price, 
seems to rule them out of account for normid human ntttothk>n; 
at least for a long time to come. 
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GEOLOGY. By G. W. Tvbbbll, A.R.C.Sc., D.So., F.R.S.E,, Tho Uni- 
versity, Glasgow. 

Stbatioraphioal and Regional Geology. — “ The Great Glen 
Fault,” described and re-interpreted by W. Q. Kennedy {Quart. 
Joum. Oeol. Soc., GII, Pt. 1, 1946, 41-76), is the great dislocation 
which intersects Scotland along the remarkably straight feature 
which runs from Loch Linnhe to InTcrness. It has been interpreted 
as a normal or dip-slip fault with downthrow to the south-east. 
Professor Kennedy, however, gives strong evidence that it is a 
lateral-slip or wrench-fault with a horizontal displacement of about 
65 miles. The main evidence for this startling conclusion is the 
displacement of certain geological features, e.g. the great belt of 
regional injection which affects the Moine Schists of the Northern 
and Grampian Highlands, and the Strontian Granite. Tho latter is 
truncated, but the missing southern portion can be identified as the 
Foyers Mass, 66 miles to the north-east and similarly truncated by 
the fault. 

An important memoir by J. G. C. Anderson on “ The Geology of 
the Highland Border : Stonehaven to Arran ” {Tram. Roy. Soc. 
Edin., LXI, Pt. 11, 1947, 479-516) revolutionises, on what appears 
to be good evidence, our ideas on the structure and succession 
within that complex bolt, the Highland Border Fracture-zone, 
which runs for 160 miles in a north-e^terly direction from Arran to 
Stonehaven. The old omnibus term, the Highland Border Series, 
is extinguished, and the rocks formerly assigned to it are re- 
distributed between the Dalradian (boldly labelled Cambrian) and 
Ordovician (Arenig spilites, black shales and cherts ; post-Arenig 
breccias, conglomerates, grits and limestones). The Lony Grits and 
the Ben Ledi Grits, formerly separated, are now shown to be one and 
the same formation. The Cambrian and Ordovician rooks have 
been thrown by the Caledonian orogeny mto closely packed folds 
which are commonly overturned towards the south-east. The rooks 
have been affected by the regional metamorphism of the Scottish 
Highlands in ^neral. As this metamorphism does not affect the 
Lower Old Red Sandstone sediments and lavas along the Highland 
Boundary Fault, it is of Lower Palseozoic age. 

“ The Kiidioohlaggan Syncline, Southern Inverness-shire,” de- 
araeibed by J. G. C. Anderson {Trane. Oeol. Soc. Qiaagow, KXI, Pt. I, 
1947 , 97 - 116 ), presentsamajorfold traceable in a north-north-eastecly 
dixeotion for 20 miles. In upward succession the strata involved are 
granuUtas of Moine age, politic schists, the Kinloohlaggan Quiartoite 
and the Kinloi^laggan limestone Group. The last-named is 
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Dalradian and probably equivalent to the Ballacholiah Limestone. 
The ages of the pelitic schist and quartzite are doubtful amd their 
correlation is left for future research. 

In a paper on “ Loch Awe Succession and Tectonics : Kilmartin- 
Tayvallich-Danna,” A. Allison {Quart. Joum. Oeol. 800 ., XOVI, 
1941, 423-60) has established two series of strata, the Crinan Grit 
Group and the Tayvallich Limestone Group, of which the latter is 
the younger. The Crinan Grit Group is composed of quartzo- 
feldspathio grits with two important limestone-slate intercalations 
in its upper part. It is injected by epidiorite sUls and the grits show 
graded but not current bedding. The Tayvallich Idmestono Group 
is composed of dark gritty limestones, vesicular epidiorites including 
undoubted pillow-lavas, and breccias or conglomerates of epidioritio 
material. The rocks are compressed into small open folds with 
steep but not inverted limbs facing the west-north-west. 

A great dislocation associated with the Tertiary igneous rocks of 
Rhum was described by Marker in 1903 as an overthrust of Early 
Palaeozoic ago. It is now claimed as a Tertiary ring fault with 
central uplift by E. B. Bailey in a paper entitled : “ Tertiary 
Igneous Tectonics of Rhum (Inner Hebrides) ” {Quart. Joum. CktA. 
80 c., 0, 1945, 165-91). The feature interpreted by Marker as a 
tectonic breccia in the Torridonian is now regarded as slump- 
bedding ; and what Marker thought was crushed Torridonian over- 
lying transported Durness Limestone is now regarded as a patch 
of Trias with a basal cornstone. 

The associated gneisses which Marker interpreted as banded 
Tertiary intrusions are now restored to the Lewisian to which they 
were originally assigned by A. Geikie. The outstanding tectonic 
structure of Rhum is a block uplift approaching a maximum of 
7000 ft. which took place at the beginning of the Tertiary vuloatiicity. 
The peridotites of the island were later than the uplift, and rose 
along ring fissures centred to the west of the great initial ring 
fault. 

A study of Marker’s original specimens by C. E. Tilley in a 
“ Note bn the Gneisses of Rum,” {<hol. Mag., LXXXI, 1944, 29-32) 
confirms Bailey’s views as to their age. Some of the gneisses axe 
thermally metamorphosed adjacent to a contact with eucrite. 

“The Dalradian Rocks of Arran,” investigated by O. 0. 
Anderson {Trans. Oeol. Soc. Olaagow, XX, Pt. Ill, 1944, 264-89) 
can readily be assigned to two groups, the Loch Ranza Slates mtd 
the North Sannox Grits. The latter form a continuous section 
6200 ft. thick, and are younger than the Slates which form the cote 
of a great fold— the Loch Ranza Anticline— both Ihnbs of which dip 
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steeply to the south-east. The Loch Banza Slates are oorreiated 
with those of Dunoon and Aberfoyle and the North Sannox (Mts 
with the Leny and Ben Ledi Grits. 

In a paper on “ The Arenig Rocks of Arran and their Relationship 
to the Dalradian Series,” J. G. C. Anderson and J. Pringle (Geol. 
Mag., LXX^I, 1944, 81-8) reaffirm the Arenig age of the rooks both 
on the evidence of fossil fragments, and on their close resemblances 
to the Arenig of Ayrshire and Aberfoyle. The Arran exposures 
outcrop between two bands of Dalradian grits in North Glen ^nnox. 
The evidence of graded bedding suggest that the grits on the west 
present a younger side to the Arenig, and seem to have been the 
floor on which the latter were deposited. The grits on the eastern 
side are brought up by a fault. 

0. Holtedahl, in “ Correlation Not-es on Scottish-Norwegian 
Caledonian G<»ology ” {Norsk Qeol. Tvlsahr., 19, 1931), 326-39), 
discusses some structural features which favour correlation of the 
Moine Gneiss of Scotland with the metamorphio Sparagmitian 
(Eo-Cambrian) of Scandinavia, and possibly of the Torridonian with 
the non-metamori)hio pre-tillite Sparagmite. The Scottish Islay- 
Schichallion boulder-l)ed is correlated with the tillites of-the Upper 
Sparagmitian, and the higher Dalradian with the lower Cambro- 
Siluriaii of the Scandinavian Caledonian zone. 

The main object of 0. Holtedahl’s memoir ‘‘ On the Caledonides 
of Norway ” {Norsks Vidensk.-Akad. Oslo, I. Math.-Nai. KL, 1944, 
No. 4, 31 pp.) is to link up the southern and northern parts of the 
elongated Caledonian belt of Norway in one general structural 
scheme. A marked characteristic of the Caledonides of Norway is 
the movement of enormous plutonic masses {e.g. the Bergen-Jotun 
groui) of Goldschmidt) for very long distances horizontally, and 
on the whole above metamorphosed and folded Cambro-Silurian 
sediments. The “ roots ” of these igneous masses must be sought 
in far north-western regions, the magmas rising from depth br 
produced in situ by palingonetio processes. This work is so full of 
detail as to defy summary, but there is an extremely valuable 
geologiOal map which greatly aids elucidation. 

The important large quarto memoir on the “Geology of the 
Bergen Arc System,” by the late 0. F. Kolderup and his son N. H. 
Kolderup {Bergens Mua. Skrifter, No. 20, 1940, 137, pp.), has only 
recently oome to hand. It is impossible to summarise this major 
work in a short paragraph. The Bergen Arcs aie three in numbm ; 
two belts, an (Outer or Major, and an Timer or Minor, consist tif 
Oambro^Siliirian schists the outcrops of which form semi-circles OpSh 
or concave to the west. A third arc oonsisring of igneous ro<^ 
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of the anorthosite kindred intervenes between the two Cambro- 
Silurian arcs. The memoir deals successively with the Palseo2oio 
Arcs and their intrusive rocks ; the Anorthosite Kindred (a most 
valuable section for petrologists) ; the Migmatitic Gneisses, etc., 
which border the major arc to the east, and form the central part 
of the whole system ; and finally the tectonics. The are structure, 
dominant in the west, fades out to the east and north-'east ; it is 
thought to be due to movements originating in the west. But a full 
explanation of the tectonics of West Norway must await investiga- 
tion of the little-known gneiss areas between Bergen and Trondheim. 

The Tiirismaa Quartzite described by P. Eskola and E. Nieminen 
in their paper on “ The Quartzite Area of Tiirismaa near Lahti ” 
{C.R. 8oc. Oiol. de Finlande, No. 12, 1938, 30-46) is early Archsean 
in age, certainly older than Sederholm’s second granite, and probably 
older than his first, the earliest of the Sveco-Fennian orogeneses. 
Hence it must be one of the most ancient sedimentary formations in 
the world. 

W. D. Evans describes “ The Geology of the Prescelly Hills, 
North Pembrokeshire ” {Quart. Joum, OeoL Soc., Cl, 1946, 89-110). 
The rocks -range from the Arenig to the Bala, the main formations 
being the Sealyham Volcanic Series (rhyolites and tuffs in the west ; 
trach,ytes in the east) ; the Didymograptus bifidus shales and mud- 
stones ; , the Fishguard Volcanic Series (brecciated and spherulitio 
rhyolites with tuffs and ashy shales). Sills of quartz-dolerite and a 
keratophyre out the Arenig and Llanvirn, but do not penetrate into 
higher strata. The rooks have a Oaledonoid strike and are disposed 
about two eastwardly pitching anticlines and a complementary 
synoline which are broken by faults and overthrusts. 

C. A. Matley and T. 0. Wilson describe “The Harlech Dome, 
north of the Barmouth Estuary ” {Quart. Joum. Ckol. 8oc., CII, 
Pt. 1, 1946, 1-40). It contains some 10,000 ft. of Cambrian rocks 
(Lower Cambrian to Ffestiniog Flags) with thick grit formations. 
They are intruded by Lower Palseozoio greenstones of more than one 
ago. The sediments, the petrology of which is described by A. W. 
Woodland, have undergone low-grade metamorphism. The general 
structure is a broken anticUnorium which has been compressed from 
west to east, cleaved in a northerly direction and intersected by 
numerous large faults. . 

Other recent papers oh Welsh stratigraphy are : W. G. Feamstdes 
and W . Davies, “ The Geology of Dendraeth. The Country between 
Traeth Mawr and Traeth B&oh, Merioneth ” {Quart. Joum. Geoi. 3oe., 
XOIX, Pts. 3 and 4, 1944, 247-76) ; E. Greenly, “ The -Arronian 
Books of Arvon {ibid., C, Pts. 3 and 4, 1946, 269-88) ; W. D. V. 
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Jones, “ The Valentian Succession around Llanidloes, Montgomery- 
shire ” {ibid., 309-32). 

Discussing “ The Periods of Coal Formation represented in the 
British Coal Measures,” A. E. Trueman {0ml. Mag., LXXVIII, 1941, 
71-6) says that the most striking feature in the distribution of 
British Carboniferous coals is the widespread occurrence of important 
seams in practically all the coalfields in the Ovalis and Modiolaris 
Zones and the lower part of the Similis-Pulchra Zone. Before this 
period there had been local episodes of coal formation in certain 
northern areas, but there was no gradual southward transgression of 
the ” Coal Measure ” facies. Rather, it may be said that the Upper 
Carboniferous (Ammanian) episode began in the Yorkshire- 
Lancashire area, and extended thence both to more northerly and 
more southerly localities. 

T. N. George has analysed ” The Structure of Gower ” {Quart. 
Joum. Oeol. Soc., XCVI, 1940, 131-98), that remnant of the 
Armorican fold 8ysJ.em between Swansea and Carmarthen Bays. 
The solid geology is almost wholly Upper Palfeozoic. The main 
structure is that of a series of more or less east-and-west folds 
arranged in mhdon ; but the successive replacements of fold axes 
are rarely simple. They often coincide with large transverse 
fractures of variable and differential throw which are of the nature 
of tear or strike-slip faults. These have grown as horizontal shearing 
dislocations concomitantly with the folds as elements in a single 
process. The tectonic plan of Gower may be interjneted as due to 
tangential compressive stresses in a north-north-easterly direction, 
causing folds along lines normal to the directioh of pressure, and 
tear faults in that direction. 

Other papers on the geology of the South Wales Carboniferous 
are : L. R. Moore and A. H. Cox, “ The Coal Measure Sequence of 
the Taff Valley and its Correlation with the Rhondda ” {Proc. S. 
Wales Inst. Eng., LIX, No. 2, 1943, 189-304) ; L. R. Moore, ” The 
Geological Sequence of the South Wales Coalfield : The ‘ South 
Crop ’ and Caerphilly Basin, and its Correlation with the Taff Valley 
Seqaenoe ” {ibid., LX, No. 3, 1946, 141-262). 

In their paper on “The Bristol and Somerset Coalfields with 
Particular Reference to the Prospects of Future Development,” 
L, R. Moore and A. E. Trueman {Proc. 8. Wales Inst. Eng., LVII, 
No. 3, 1942, 180-247 ; 303-6) show that the geological history of 
the Bristol area has been very similar to that of South Wales, and 
the sequence of strata is much the same. The Palssozoio rooks of 
the area are highly disturbed by intense folding due to pressures 
from the south and east ; numerous overthrusts, including Idle 
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famouB “ Radatook Overlap Fault,” have been produoed ; and 
steeply inclined faults trending approximately at right-angles to 
the fold lines, are important. As regards prospects it is known that 
only a small fraction of coal from the Lower Coal Series has been 
mined, and considerable areas await development ; but the outlook 
for further extensive mining in the Upper Coal Series is uncertain. 

Other recent papers dealing with Upper PalseoKoic rocks in the 
United Kingdom are ; D. Parkinson, “ The Origin and Structure of 
the Lower Vis^an Reef-knolls of the Clitheroo District, Lancashire ” 
{Quart. Journ. Qeol. 8oc., XCIX, Pts. 3 and 4, 1944, 166-68) ; 
K. C. Dunham and C. J. Stubblefield, “ The Stratigraphy, Structure 
and Mineralization of the Greenhow Mining Area, Yorkshire ” 
{ibid., C, Pts. 3 and 4, 1946, 209-68) ; J. Shirley and E. L. Horsfiold, 
“The Structure and Ore-deposits of the Carboniferous Limestone of 
the Eyam District, Derbyshire ” {ibid., 289-308) ; R. G. S. Hudson 
and G. Cotton, “ The Carboniferous Rocks of the Edale Anticline, 
Derbyshire ” {ibid. Cl, Pts. 1 and 2, 1946, 1,-36) ; F. W. Cope, 
“ Intraformational Contorted Rocks in the Upper Carboniferous of 
the Southern Pennines ” {ibid.. Cl, Pts. 3 and 4, 1946, 139-76). 

G. M. Lees and A. N. Taitt have described “ The Geological 
Results of the Search for Oilfields in Great Britain ” {Quart. Journ. 
Choi. 8oc., Cl, 1946, 266-317). Their owm concise summary is here 
transcribed : “ The search for oil in Great Britain has been carried 
out in five separate geological provinces — in the Mesozoic of southern 
England, the Carboniferous of the eastern Midlands, the Triassio and 
Carboniferous of Lancashire, the Permian of North Yorkshire, and 
the Caloiferous SaAdstone Series of the Midland Valley of Scotland. 
Four oilfields have been discovered in Nottinghamshire and a small 
field in Lancashire. In addition, a large amount of new strati- 
graphica} information has been provided by the exploration borings 
and extensive geophysical surveys have added considerably to 
existing knowledge of the structure of the Carboniferous in the 
eastern Midlands. The boring records have given much new 
information on the development of coal seams in the areas east and 
south-east of the present Nottinghamshire Coalfield. A boring in 
North Yorkshire proved the presence of potash salts in the Per- 
mian indicating conditions comparable with those of North-West 
Germany.” 

The following are valuable accounts of the geology of oerttdii 
British oilfields : H. M. Sale and P. Evans, “ The Geology of British 
Oilfields. I. The Geology of the Assam-Arakan Oil Region (Lidia 
Md Burma) ” {Oeol. Mag., LXXVII, 1940, 887-63) ; G. S. Home, 
“ II. Geology of the Oilfields and some Ptospeetive Ofl Araas 
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in Canada” {ibid., LXXVIII, 1941, 1-36); P. Evang and 0. A. 
Bansom, “ III. The Oilfields of Burma ” {ibid., 321-60). 

The ‘‘ Outlines ” of the geology of restricted regions or countries 
which are published from time to time are of great value for students 
of general geology and also of more specialised parts of the subject. 
For instance, the writer, who is interested in the distribution of 
igneous rocks in time and space, finds these accounts of considerable 
help in providing the geological background for “ petrographioal 
provinces.” They are, of course, mainly compilations, but they are 
frequently supplemented with the latest original work by the authors 
concerned. The following are some recent papers on these lines : 
A compilation “ Geology of Eastern Iran ” by F. G. Clapp {Bull. 
Oeol. 8oc. Amer,, 61, 1940, 1-102) includes much new reconnaissance 
work on a little-known area by a group of American oil geologists. 
The rooks range from Pre-Cambrian to Recent, but Ordovician and 
Silurian rocks are unknown. The maximum collective thickness of 
the sediments is nearly 100,000 ft. 

Sir Douglas Mawson has written a valuable conspectus of South 
Australian geology in two papers : “ Progress in Knowledge of the 
Geology of South Australia ” {Trans. Roy. Soc. S. Auslr., LX, 1936, 
Ivi-lxv) and ” The Geological Background of South Australia ” 
{Handbook of 25th Meeting of the. Avstralian and New Zealand Assoc. 
Adv. Sci., Adelaide, 1946, 5-1 1). Three further papers continue his 
work on the Cambrian and Pre-(Jambrian of the state ; “ The Most 
Northerly Occurrence of Fossiliferous Cambrian Strata yet recorded 
in South Australia ” {Trans. Roy. Soc. S. Austr., LXI, 1937, 181-6) ; 
“ Cambrian and Sub-Cambrian Formations at Paraohilna Gorge ” 
{ibid., LXII, 1938, 255-62) ; “ The Mount Caernarvon Series of 
Proterozoic Ago ” {ibid., 347-61). For Queensland we have : 
W. H. Bryan and O. A. Jones, ” The Geological History of Queens- 
land ... A Stratigraphical Outline ” {Univ. of Queensland Papers, 
II {N.S.), No. 12, 1946, 103 pp.)’. 

Recent work in New Zealand includes the following : H. J. 
Finlay and J. Warwick, ” The Divisions of the Upper Cretaceous and 
Tertiary in New Zealand ” {Trans. R<^. Soc. N.Z., 70, Pt. L 1940, 
77-136) ; E. 0^ Maopherson, “ An Outline of Late Cretaceous and 
Tertiary Diastrophism in New Zealand” {NiZ. Dept. Sd, Indus. 
Res. Qeoi. Mem. No. 6, 1946, 32 pp.) ; J. Warwiek, ” The Geology of 
the Te Kuiti Subdivision ” {ibid., Oeol. Survey Branch BvU., 41 
(N.S.)r 1946, 89 pp.)v 

Some general papers on Africa, West Indies, etc., are: G. M, 
StoiMey, “The Geology of Basutoland” {Oeol. Mag., liX.X.Vll, 
1940> 444-60) ; P. £. Kent, “ The Age and Teotonio Relationshipli 
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of East African Volcanic Rooks ” {ibid., LXXXI, 1944, 16-27). In 
regard to the latter see a discussion by W. Pulfrey {ibid., 191-2) ; 
R. H. Palmer, “ Outline of the Geology of Cuba ” {Joum. Oeol., 
LIU, 1946, 1-34) ; D. W. Bishopp, “ Some Problems of Geomorph- 
ology and Continental Relationships in British Guiana” {ibid., 
LXXVII, 1940, 306-29). 

The huge quarto memoir “ L’Eod6vonien de I’Ardenne et des 
Regions voisines,” by E. Asselberghs {Mem. Inst. Oiol. Univ. Louvain, 
XrV, 1946, 698 pp.), is a synthesis of numerous studios extending 
over a period of more than thirty years. The Eodevonian, it is 
concluded, is a natural stratigraphical unit which corresponds to a 
vast sedimentary cycle. Beginning with a transgression which 
reached its maximum in the Middle Siegenian, it was terminated by 
a very great recession. 

The broad median zone of Iceland composed of younger rooks 
(Pliocene to Recent), and flanked on both east and west by great 
spreads of Early Tertiary basalts, has recently been inteqjreted by 
R. A. Sonder as a horst (“ Zurmagmatischenundallgemeinen Tektonik 
von Island,” Schweiz. Min. Petr. Mitt., XVIII, 1938, 429). This 
highly improbable suggestion, based as it is on inadequate and 
misinterpreted evidence, is easily controverted by L. Hawkes in a 
paper “ Icelandic Tectonics — Graben or Horst ” {Oeol. Mag., 
LXXVIII, 1941, 306-8), and the true interpretation of the structure 
as a graben rehabilitated. Dr. Hawkes also takes the opportunity 
of correcting other astonishing misstatements. 

The “ Heola Hoek Rocks of New Friesland (Spitsbergen) ” have 
been described by W. L. S. Fleming and J. M. Edmonds {Oeol. Mag., 
LXXVIII, 1941, 406-28). The most important new point is the 
confirmation of Blomstrand’s early observation that not only is 
there a gradual decrease in metamorphism eastwturd from the 
gneissio belt to the typical Hecla Hoek rooks, but there is a similar 
decrease to the westward. The authors have examined a number 
of new areas in which, with the same general series of roeks (t.e. 
Hecla Hoek), there is a gradual increase in metamorphism west- 
wards. The rocks have been isocUnally folded (Lower Murchison 
Bay formation), followed hy igneous intrusion, and finally meta- 
morphism of the whole assemblage. 

W. B. Harland’s “Geological Notes on the Stubendorff 
Mountains, West Spitsbergen ” {Proe. Boy. 8oo. Edin., LXI^ Pt. II, 
1941, 119-29) show that this region consists of sdiists, gneisses and 
granulites bebnging to the “ Western Schists and Gneisses,” whioh 
are now generally regarded as the equivalents of the Heola Hoelt 
ftwmation. The metamorphism is believed by most worirani# 
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including Harland, to be Caledonian. The tectonics of the area 
are extremely complicated, and observations recorded in this paper 
suggest recumbent folding and thrusting with nappe structure. 
Carboniferous rooks are recorded in this locality for the first time. 

The stratigraphy and palceontology of the earliest Triassic has 
been studied by H. Frebold (Norges Svalbard- og lahava-Underao- 
kelaer. Skr. om Svalbard og lahavet. No. 77, 1039, 58 pp.) at a number 
of localities along the west co^t of West Spitsbergen. He makes 
faunistic comparisons with contemporaneous strata in East Green- 
land and the Ussuri district of northern Russia. 


PEDOLOGY. By G. V. Jacks, M.A., Imperial Bureau of Soil Soionco, 
Rothamsttxl Experimental Station, Harjienden. 

Soil Classification. — The terra “ catena ” introduced by G. Milne 
{Soil Rea., 1935, 4, 183-98) for a complex of soil types genetically 
unrelated, or not necessarily related, but linked by conditions of 
topography and found in the same association wherever similar 
topographical conditions occur, has now passed into general usage, 
and the oonoept of the catena has proved of great value in soil and 
land classification, particularly in tropical regions. T. M. Bushnell 
(Soil Sci. Soc. Atmr. Proc., 1946, 10, 335-40) lias reviewed the 
various interpretations of the catena concept by different workers. 
He himself has made extensive use of it in the classification of 
Indiana soils (Purdue Univ. Agric. Expt. Sta. Spec. Circ., 1, 1944, 
pp. 62). In general, soil series are accepted as the units of which 
catenas are composed, but Bushnell points out that some series in 
the American system of classification cover too wide a range of, say, 
drainage oonditions to be considered as “ units,” and suggests that 
such series should themselves be regarded as catenas. In an 
earlier paper (/SM iSct. Soc. Amer. Proc., 1943, 7, 466-76) he pointed 
out that charaotmistics and types of soils form a continuous spec- 
trum, and that breaking up this band into* classes is quite an arbi- 
trary procedure. He maintains that the formation of a catenary 
sequence is rented to the water regime of the area where the 
catena ocours, and the water regime, in turn, may depend on 
ah^es, water tables, porosity, water supply, etc. 

' Bushnell considers that all soils can be classified in relation to 
'the water regime, in which case there would be no such thing as a 
non-oatenary soil. He extends Milne’s original idea of the catena 
as an essentially topographic sequence, and distinguishes chrono- 
oolenat rdated to time, byndela related to parent material, )lor- 
eofmos related to vegetation, dimo-aUenaa related to climate in 
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general, hygro-catenae related to the moisture component and 
thenno’caienaa related to the temperature component of climate. 

From a study of the catena relations of the soils of the Sudan, 

H. Greene {Soil Sci. Soc. Amer. Proe,, 1046, 10, 392-6) concluded 
that tropical soils formed from acid and basic rocks tend to be alike 
when rainfall is high and drainage is good, but divei^e under drier 
conditions and when drainage is impeded. The catena concept 
gives a clearer understanding of the relationships of tropical soils by 
emphasising that dissolved substances will move downhill, so that 
substances leached from a higher-lying member of a catena are 
deposited in the lower-lying members. This implies the inadequacy 
of the ABC system of ^nofile-horizon description that recognises 
only a vertical movement of water, whereas the catena concept 
recognises the fact that water moves downhill. 

The catena is clearly not a soil “ typo ” and cannot find a place 
in any system of soil classification. It is a geographical unit which 
has proved its value and is, indeed, coming to be regarded os in- 
dispensable in soil mapping. J. Thorp and M. Baldwin (Soil Sci. 
Soc. Amer. Proc., 1 939, 3, 260-8) state that “ the catena cuts directly 
across the taxonomic classification. It is distinctly a geographic 
unit of classification and its members go to make up a typical 
composite landscape.” 

An overlap of the classification of soils and of geographical 
regions is a feature also of recent Russian work on soil classification. 

I. P. Gerasimov, A. A. Zavalishin and E. N. Ivanova (Pedology, 
1939, No. 7, 10-43), in formulating a new scheme for a general soil 
classification for the U.S.S.R., state that “ in so far as geographical 
conditions are combined in more or less uniform natural macro- 
complexes (geograpluoal landscapes) and are distributed throughout 
a definite area, the genetic soil types are the main geographic^ 
elements of the soil cover ; they are repeated regularly or ramain 
constant throughout entire bioclimatic zones of the earth’s surface.” 

According to this sdheme the fundamental unit of soil doesifi- 
cation is the genetic type, of which ten are distinguii^ed, omitting 
soils of the tundra, mountain regiems and the tropios and sub- 
tropics. These are divided into sub-types, developing m more or 
less similar geomorphologioal conditions and distinguished mainly 
by their vegetation, e.g. meadow and steppe sokmets. SSadk dt the 
types and subtypes can be further divided into five aeries rdated 
to the local climate or hydrothermal regime of the soil, viz. {1} tike 
alluvial-plain series (river flats, subject to annual floodmg), (3) the 
ground-water series (in whieh ground water is the donShsmit soil-, 
forming factor), (3) the eluvial hydromorphio aeties (sttbjeot to • 
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excessive leaching), (4) the eluvial series (containing the most 
characteristic climatic soils) and (6) the eluvial xeromorphic series 
(formed under relatively dry conditions). Soils of series (2) can be 
Btibdivided into three Bub-series according to whether the ground 
water is strongly, moderately or weakly mineralised, and of series 
(4) into three sub-series according to whether the parent rook 
contains salts, carbonates or neither. 

Not aK the series are known for each soil type. Tlie set of 
series within a type, however, presents a marked similarity to 
Milne’s and Bushnell's concepts of the catena. 

Series or “ species ” are the smallest taxonomic unit recognised 
in the scheme, but the authors point out that further subdivision 
can be made according to the quantity and quality of salts in saline 
soils, or to the humus content and thickness of chernozems, and so 
on, and varieties can be distinguished according to mechanical 
composition. Finally, varieties can be subdivided into cultural 
variants acwjrding to the degree to which they have been changed 
by cultivation. 

Stress is laid in this paper and in a later pajwr by S. A. Zakharov 
(i^edology, 1943, No. 8, 26-35) on the inter-relationships of the 
separate genetic soil tyjiea. They are regarded not as isolated 
phenomena, but as stages in the evolution of a universal soil-forming 
process which may branch out in numerous directions, but of which 
an early stage is represented by saline soils aiid later stages by 
podzoliaed soils in temperate, and by lateritic soils in tropical, 
regions. Time is recognised as a soil-forming factor of equal signjjK- 
canoe with climate, geology, vegetation and topography. According 
to Gerasimov {Pedology, 1942, No. 7, 3-14) the new classification 
“ asserts the essential unity of the geographical and genetic aspects 
of soil systematica. ” 

A. A. Bode {Pedology, 1946, No. 7, 400-1) adds three additional 
soil -forming factors to the five listed above, namely, gravitation, 
water (surface and underground) and agriculture. He regards soil 
formation as a cyclic ‘process subject to rhythmic fluctuation de- 
pending on the var 3 r’ing intensity of solar radiation. The most 
importwt cycles are the doily and yearly cycles, but there are 
oriiers, e.g. the 11-year sunspot cycle. These cycles are never 
okwed, and cause permanent changes in the soil. The net result of 
these chaises is known as soil evolution. The soil k port of a 
wider complex — “ biogeooenose ’’-—embracing the soil, the loi^ 
layers of the atmosphere, surface and ground water and living 
organisms. 

A. Bi. Meshkov {Pedology, 1946, No. 4, 239-42) suggests that the 
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land surface of the earth should be divided into (1) groups of soil 
zones, (2) separate zones distinguished according to the dominant 
soil-forming process or soil type, (3) provinces distinguished accord- 
ing to conditions of climate, vegetation, geomorphology, etc., (4) 
districts distinguished geomorphologically, (6) regions distinguished 
according to the nature of the parent rock, and (6) micro-regions 
characterised by definite combinations of soil varieties. 

In the first category three groups of zones are distinguished : 
(1) the holarctic group, (2) the pantropical group, and (3) the ant- 
arctic. The holarctic group covers the major part of the northern 
hemisphere, and most of the soil materials are of quaternary origin 
or underwent geological change in the quaternary period of glacia- 
tion, teolian action and submergence in the sea. The soils are 
extremely varied, and eight major zones are included in the group. 
The pantropical group includes the zones of lateritic and red and 
yellow tropical soils. These derive mainly from tertiary or earlier 
times and are much more mature than the holarctic soils. Eight 
zones are distinguished, lying within the tropics. The antarctic 
group, lying to the south of the tropic of Capriepm, is the smallest 
in area and also has the smallest variety of soils. Three zones are 
distinguished. 

i S. R. Crocker {Counc. Sci. Indust. Res. Australia BuU., 1946, 
193, pp. 66) has described the inter-relationships through past 
climatic and geological history of apparently unrelated genetic soil 
types in South Australia. Many of the soils, including laterites, 
desert soils, leached siliceous sands and mallee soils (solonised 
brown soils), are polygenetic ” and have certain fossil character- 
istics related to past periods of their history. These, as well as the 
commonly occurring terra rossas, rendzinas and podzols are all 
closely linked with either the warm humid Pliocene, or with the 
Pleistocene glacial and interglacial periods, or with a Recent severe 
arid cycle. Crocker offers an explanation of the heavy accumulation 
of calcareous material and travertine horizons in many South 
Australian soils. He suggests that the calcium cturbonate is derived 
largely from calcareous loessial material blown inland as a result of 
the winnowing of the coastal dunes or seolianite formed during 
expolsure of large areas of the continental shelf with the swinging 
sea level of the Pleistocene. A diagram is given in which the genetic 
linkages between the main soil types are shown in relation to dunaric 
changes dining the Pleistocene and Recent, periods. 

L. J. H. Teakle, however, found no support for this theory from 
a study of the succession of soils from the coast inland in Western 
Australia {J. Aust. Inst. Agric. 8ei., 1940, 12, 66-6). Hero there 



PEDOLOGY 


709 


is a very close relationship between soil type and underlying rock, 
both in the red-broiyn and the solonised-brown soil zones. The 
substantial accumulation of CaCOs in the subsoil appears to be the 
result of simple pedogenic processes involving chiefly the parent 
material, leaching by rain, and the circulation of minerals by the 
vegetation. The latter sometimes has considerable signifloaboe. 
In one soil complex, consisting of a highly calcareous soil and a 
solonets, the only diSerence in pedogenic factors was a species 
difference in the EtuMlyptiuf v^etation : on the calcareous soil the 
dominant species were E. oleosa and E. conglobata, whereas on the 
solonets they were E. eremophila, E. dumosa., E. flocklonia and 
E. gracilis. 

Soil Gbochkmistry. — V. M. Goldschmidt (Soil Sci., 1946, 
60 , 1-7) has shown how the determination of the atomic and ionic 
radii of a large number of elements entering into the structure of 
clay crystals has enabled a prediction of the occurrence of the 
elements in different minerals to be made. The entry of ions or 
atoms into the three-dimensional network of crystals is determined 
by their relative sizes, and the order of their entry by interatomic 
binding forces. Large-scale isomorphous substitution in minerals 
from magmas is in general limited to such pairs of ions whose radii 
agree within 10 to 16 per cent, of the larger radius of the pair. 
Thus iron (radius 0-83 A.) and magnesium (0-78 A.) freely replace 
each other in ionic crystals, but not magnesium and calcium 
(1-06 A.). Manganese (0-91 A.) can enter into isomorphous replace- 
ment of either calcium or magnesium. It is thus jwssible to classify 
the elements according to their atomic and ionic radii into a number 
of groups within which isomorphous replacement is jx)88ible, and 
thus predict the original magmatic minerals in which trace elements 
in particular are likely to occur. 

Other principles, however, may be expected to govern the distri- 
bution of elements in sedimentary rooks and soils. Goldschmidt 
showed that the ionic potential (ionic charge/ionio radius) is a 
determining factor. Elements of low ionic potential tend to form 
cations in solution, those of intermediate ionic potential tend to 
remain as oxides or hydroxides {e.g. Fe, Al), while those of very 
high ionic potential form the central element (Si) of oxyaoid anions. 

The R6lb ov Miobo-oroanisms in SoiL-STBUcriraB Forma- 
tion. — ‘Much attention has recently been paid to the nature of the 
substances causing the aggregation of soil and of the agents pro- 
ducing those substances. T. M. MoOalla (Soil Sci., 1946, 59, 
287-97) has shown that most of the main groups of organic sub- 
stances occurring in soil, includit^ fats, waxes,' lignins, oils, proteins, 
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resins, certain decomposition products of bacteria and fungal 
filaments, can hare a direct stabilising effect on soil aggregates, but 
carbohydrates do not, though they may increase microbial numbers 
and thereby the quantity of microbial tissue and decomposition 
products which are ejBFective in soil stabilisation. Data obtained 
by H. E. Myers and T. M. MoClalla (Soil Sci,, 1941, 51 , 189-200) 
indicated that the relationship between bacterial numbers and 
aggregation was very complex, and that bacteria were associated 
with aggregation only through the accumulation of metabolic 
products which act as cementing agents. T. C. Peele (J. Anier. 
Soc. Agron., 1940, 32 , 204-^12) found that addition of sucrose pro- 
moted the formation of largo, water-stable aggregates, and attrib- 
uted the effect to the stimulated production of microbial mucus. 
J. P. Martin and S. A. Waksman (Soil 8ci,, 1940, 50 , 29-47) found 
that the binding eflfect on soil particles produced by pure and mixed 
oultmres of micro-organisms was caused partly by the mechanical 
binding of fungal myoelia and partly by synthesised organic com- 
pounds. When sugar was used as the source of energy for the 
micro-organisms a greater binding effect was obtained than when 
cellulose was used, and in general the more readily decomj> 08 able 
the organic substrate the greater the aggregating effect. J. P. 
Martin (Soil Sci., 1945, 59 , 103-74) inoculated sterilized soils with 
pure cultures of various organisms, and made aggregate analyses 
after three weeks’ incubation at 26^ C. A species of Bacillua 
avhtilis produced the greatest aggregation (07 per cent.), followed 
by the fungus Chdoaporium (00 per cent.). These two organisms 
were then grown in liquid culture to determine whether the aggre- 
gating substances could be produced outside the soil. The liquid 
culture of B, svhtilisy when added to soil, brought about even greater 
aggregation than tlie organism itself, but the culture of Clado- 
sporium had a much smaller effect. Treatment of soil with liquid 
culture of JS. subtiUs freed from ceils, and with cells alone, showed 
that the former was much the’ more effective aggregating agent-^- 
i.6. the most active agent was a substance synthesised by the cells. 
It was concluded that about half of the aggregating influence of 
Chdosporium was due to the binding effect of the fungus myoelia 
on the soil particles. The use of different sources of nitrogen and 
carbohydrate for growing the bacillus had little effect on the pro- 
duction of aggregating substance, except that sucrose was more 
efficient than other sugars. 

Prom the centrifuged and dialysed oulttire media a crude sub? 
stance was obtained, containing 42 per cent, carbon and reducing 
Pehling’s solution after hydrolysis. This substance appeared to 



BOTANY 


711 


be a hemioelluloBe-like sabstanoe which waa attacked to a limited 
extent by fungi, and waa readily deatroyed by bacteria and 
actinomyoetea. 

In analogoua experiments with calcareous soils, however, D. S. 
HubbeU and J. E. Ohapmeui (Soil Sei., 1946, 62, 271-81) found 
that aggregation never occurred except in the presence of living 
microbes. This confutes Martin’s conclusion that the main effect 
of micro-organisms on aggregation is attributable to cell secretions. 
Tests were made with bacteria, actinomycetes, fungi and the roots 
of Sudan grass. Each group of micro-organisms was capable of 
forming a^pregates, but aggregation was less in cultures of bacteria 
than of fungi or actinomycetes. Sudan-grass roots did not produce 
any soil structure in sterile cultures. Two kinds of water-stable 
structures were present in the soil : microbial structures com- 
prising soil particles held together by micro-organisms and root 
structures, and compound aggregates comprising microbial aggre- 
gates and entrapped soil particles held together by roots. The 
first are referred to as aggregates and the second as root structures. 
Stable soil structure in the field samples was always as.sociated with 
a good growth of roots and micro-organisms. Roots contributed 
to structure formation only after this had been initiated by microbes, 
which were found in every root structure examined. Only after 
aggregates had been formed by microbes could roots synthesise 
larger structures by binding them together. 

In his latest paper (Soil Sci., 1946, 61, 167 -66) Martin identified 
the polysaccharides synthesised by and prepared from pure cultures 
of certain bacteria as fructosan and dextran containing a trace to 
14 per cent, of uronio acids. These polysaccharides were better 
aggregating substances than casein or alltali-lignin, with which 
they were compared. The most efficient aggregating agent was 
a dextran synthesised by an unidentified soil bacterium. The 
dextran contained by far the highest content of nitrogen (1*62 
per cent.) and of uronio acids (14-4 per cent.) of any of the prepara- 
tions used. The polysaccharides were fairly resistant to microbial 
decomposition, possibly owing to their uronic-aoid content, though 
there were always some organisms capable of utilising them. 

BOTANY. By PaonnsBoa W. H. Peabsxu, D.Se., F.B.S., University 

Cc^lege, London. 

Mobfholooy. — ^In his Presidential Address to the American Society 
of Natundists (A wer. Not.^ 80, 497, 1946), E. W. Sinnott has recently 
discussed the bases of morphogenesis, and has developed the point 
of rilew that this branch of study, particulariy the developmentid 
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changes involved in the sequence, fertilised egg to mature organism, 
includes problems which go outside our knowledge in almost every 
discipline involving protoplasm and its activities. The mechanisms 
which control the process of development, and which bring it back 
to its normal path when accident or experimental change have 
diverted it, are little understood, even though many of the best 
brains in biology have attacked these problems. Dr. Sinnott 
contrasts, however, two higlily divergent points of view. The most 
popular outlook today he regards as essentially that of the biochemist, 
the discovery of chemical substances which have far-reaching eifects 
on development like the pituitary hormone in affecting body size 
and the male sex hormone in affecting body form. In botany, the 
hypothetical rhizocalines and caulocalines of Went are the complete 
expression of this creed and, incidentaUy, a return to the ideas of 
Sachs half a centiuy ago! But this biochemical outlook results in 
each problem of development being followed by the search for or 
assumption of a substance which can produce the effect required. 
Valuable as are the results which have been achieved by this mode 
of attack, it fails to satisfy some of the most pressing needs of 
the biologist. The basic biological problem in growth, as in almost 
every other set of reactions, is one of organisation. The chemical 
reactions going on in the tissues are knit together in such an 
orderly fashion that an integrated whole is the result, an organism 
in short which maintains its unity in development and response as 
well as in maturity. Even if we regard this system as a aeries of 
chemical equilibria and steady states, the system retains its indi- 
viduality, and it is quite reasonable to suppose that different 
organisms may react in different manners to the same substance. 
Prom this point of view, the chemical substance may be an evocator, 
acting on the developing system in such a way as to produce a 
morphological result. It by no means follows that a given substance 
will evoke the same results. Thus a nickel will activate a dial 
telephone or open a subway turnstile. A cent will not do these 
things but it will obtain a ticket with one’s weight from a weighing 
machine. A quarter will do none of these things# but has a unique 
capacity for activating a gas meter. Thus while there is a certain 
specificity in these coins, an explanation of what they accomplish 
will only result from a study of the complex mechanisms they 
activate. Does not this give us a sound analogy with our morpho- 
logical problems ? No analysis, however complete, of substances 
known to have morphogenetic effects will explain fiieir effects. 
Only a knowledge of the organised systems on which they aot will 
solve the problems involved. 
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PosT-GiiACUii Histoey.— The great interest iviiieh is bemg 
taken in the post-glacial period by botanists has been recently 
reflected in a number of papers. Pollen analysis continues to offer 
a satisfactory basis for much of the work done, but there are many 
and welcome signs that a considerable widening of the field of attack 
is taking place. Much the most extensive piece of work comes from 
North America, where H. P. Hanson has investigated the post- 
glacial forest succession, in relation to climate and chronology in the 
Pacific North-west (Trana. Amer. Phil, Soc., N.S., 37, Part 1, 1-180, 
1947). The work was carried out over a wide area from Puget 
Sound to northern Idaho and it covers regions of widely differing 
climatic character and vegetation. Various types of peat and lake 
sediments wore examined and their rates of deposition estimated. 
Pollen estimates were made and there is also an account of the local 
forest trees and their ecological preferences. Very many of the 
sedimentary profiles can be calibrated because of the presence of a 
layer of volcanic ash or detritus at a depth estimated to represent an 
age of about 6000 years. From the nature of the vegetation this is 
considered to have occurred in the middle of a jwriod of maximum 
warmth and dryness. There is very generally a maximum of gross 
pollen just before it and in the southern localities a marked 
abiindanoe of Chenopods — believed to be associated with the presence 
of arid conditions and of numerous alkali areas. 

The sequence of tree pollens varies greatly in different places — 
but the changes are interpreted as representing variations in tem- 
perature and humidity. In the north, the recent phase of western 
hemlock, Tauga heterophylla, was preceded by a long persistent 
forest phase of Douglas fir. In the southern area>8, on the other 
hand, the more recent invasion of western white pine, P. monticola, 
had been preceded by the lodgepole pine, P. contorta. 

The various changes ap^tear to have culminated at similar 
periods, so that a general chronology is suggested of a preliminary 
colonising phase after glaciation, say 18,000-16,000 years ago, 
followed by a cool moist period until aboitt 8000 years ago. This 
was followed by the maximum of warmth and dryness and finally 
by the inauguration of a cooler and moister epoch some 4000 years 
ago. The ^tes are obviously centred around the volcanic period 
already mentioned and the chronology resembles that used in 
western Europe, although the lengths of the corresponding periods 
are somewhat greater. A full discussion and comparison with 
eastern American and European ideas is given. 

Of European papers, three English ones are of interest. Chie ^ 
them, by V. M. Oonway {J. Ecd., 34, 149, 1947), deals with the 



714 


SOIENOB PROGRESS 


pollen analysis and stratigraphy of the Binginglow bog, near 
Sheffield, a mass of deep peat of the raised bog type among an area 
of extensive eotton grass bogs. It gives us for the first time a highly 
detailed account of deep peat from the southern Pennines as 
investigated by modern methods. The peat is essentially Sphagnum 
peat, with a lower zone of more mixed character, including heather 
and cotton-grass and a thin upper layer of blackish modern peat 
with only cotton-grass remains. The area was originally perhaps 
forest, clad with much pine, later developing into extensive marginal 
alder and birch scrub. This then finally became a wet heath and 
sphagnum bog some time after the onset of the mixed oak-alder 
phase in forest history. Of great interest is the period in which the 
upper Sphagnum peat started to develop. This was preceded by 
eviden<^ of considerable increases in bog humidity, particularly by 
the prevalence of Menyanthes remains, for this is a species which 
grows in bog pools. The development of almost pure Sphagnum 
peat followed this phase. 

Later still there is evidence in the decrease of the tree pollen of 
wholesale destruction of forests in the districts — ^assumed to be 
since approximately the twelfth century. Much use is made in 
this paper of suggestions recently put forward by H. Godwin {Proc. 
Prehistoric Soc., 1946, Paper No. 1) in reviewing the relations 
between bog stratigraphy, climatic changes and' archesology. Dr. 
Godwin deals particularly with the stratigraphy of raised bogs, and 
in particular with the marked transition in peat character that usually 
takes place in the upper layers — ^the so-called “ Gienz-horizon,” a 
boundary layer that has in general been correlated with a period of 
approximately Bronze Age-Iron Age. The Grenz-horizon is due to 
a period of slow or negligible bog growth being followed by par- 
ticularly active development. Granlund’s work in particular has led 
to the recognition of five of these layers at various times between 
2300 B.o. and a.d. 1200, and Godwin has given reason for believing 
that the third, about 600 b.c., is often strongly represented in 
England — though it is recognised that this may have been preceded 
and followed by other agencies and symptoms of change. 

In the work on the Pennine bog. Dr. Conway has made use of 
this suggestion — equating the period of MenyarUhes remains with 
the wet period of Granlunds phase IV ca. 1200 B.o. and the renewed 
rapid bog witjb Granlunds phase III ca. 600 B.o. 

Another British paper dealing with certain aspects of post- 
glacial vegetation is by W. H. Pearsall and W. Pennington (J. 

34, 137, 1947). It records certain features, inoludiog pollen records 
and the organic content of the mud layers from sediments recovered 
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from the bottom of Windermere, and interprets them in the light of 
English Lake District history, which appears to have been of an 
especially simple typo. As judged by the records from the sediments, 
a long period seems to have elapsed in which there was little or no 
change in the forest conditions, assumed to be alder woods in the 
valley bottoms and oak woods on the slopes. At a time, which 
coincides with the arrival of early man (Neolithic), however, changes 
occur both in pollen compdhition and in the percentage of organic 
matter in the muds. The latter first rise and then fall to an 
extremely low level, and it is suggested that these changes represent 
the period of human exploitation. At first, it is suggested, forest 
destruction was associated with the oxidation of organic matter, 
with soil leaching and with increased plankton growth and organic 
deposition in the lake. Later, the leached soils and probably soil 
erosion resulted in lower plankton growth and more inorganic 
silting in the lake. This latter stage corresponds in point of time 
with the removal of the valley alder swamps by Norse settlers and, 
later, with the economic exploitation of the district, which, by 
sheep-raising and iron smelting, resulted in almost complete 
deforestation. Each of the two main }ieriods of change is marked 
in the lake muds by suggestive increases in the proportion of grass 
and sedge pollen. 

The English papers mentioned are rapidly approaching the 
outlook more fully developed by R. F. Griggs {Ecology, i7, 276, 
1946), in which he emphasises the point of view that in order 
properly to interpret post-glacial history we need to know not only 
what were the vegetation trends in the past but also what are 
the present trends. In this paper he contributes particularly to the 
latter aspect of the problem, by attempting an interpretation of his 
work on North American timber-lines. Three areas are considered. 
In the vicinity of Kodial, Alaska, there is clear evidence that the 
coniferous forests are and have been spreading northwards for some 
300 years at least. In the northern Rookies, however, the timber- 
line at higher altitudes is stable arid appears to have been so for some 
1600-2000 years. In New England, however, on Mount Washington, 
there is equally clear evidence of a recession of the tree limit, which 
has definitely become lower in the last fifty years, a change which 
seems to have been going on for a still longer period, probably some 
hundreds of years. The author points out that the trees concerned, 
mainly spruce and balsam, are also those which are oonoemed in 
the eastern Canadian forests described by Marie-Victorin, north of 
the Anticosti coast, where the spruce forests are considered to be 
dying off and doomed. He sees in this evidence a general tendency 
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for the timber-line to recede in eastern North America, pointing out 
that there is evidence from Greenland which suggests that a similar 
condition has long obtained there, for it is known that the early 
Norse colonies were unable to persist there after the twelfth century 
owing to climatic deterioration, that on many areas cleared of 
birches trees have been unable to re-establish themselves, and that 
many common and widespread Greenland plants are now unable to 
ripen seed. Indeed, Iversen, from pollen analyses, has concluded 
that the Greenland climate has been deteriorating for the last 
2600 years. As the result of this survey, the author enquires whether 
it is certain that the destruction of forests in eastern North America 
by the wood-pulp industry will always be followed by the re- 
development of forests on the cleared area — a jwrtinent question 
which might also have been applied to some of the original woodlands 
in northern Britain. 


PLANT PHYSIOLOGY. By Pbofkssoe Waltkm Stiles, Bc.D., B’.R.S., 
. Tljo Univernity, Birminghmn. 

Tback Elements. — ^The status of manganese in the soil in relation 
to the incidence of manganese deficiency in plants, particularly 
in peas, has been discussed by Miss S. G. Heintze (“ Manganese 
Defioiei^cy in Peas and other Crops in relation to the Availability 
of Soil Manganese,” Journ. Agric. 8ci., 36 , 227-38, 1946). The 
following manganese fractions in soils were determined : ( 1 ) total 
manganese, (2) exchangeable manganese, that is, the manganese 
obtained in solution when the soil is shaken with N calcium nitrate, 

(3) readily reducible manganese obtained by extracting the soil 
with N calcium nitrate containing 0-2 per cent, hydroquinone and 

(4) the manganese extracted with a warm solution of 0-2 M sodium 
hexametaphosphate. As regards exchangeable manganese it was 
found that this falls steadily with increase in pH such as is brought 
about by liming. This was shown very clearly by an experiment 
in which samples of a clay loam were incubated for a week with 
various quantities of added lime. The control with a pH of 4-6 
contained 10-2 mg. per cent, of exchangeable manganese, whereas 
the samples wdth 1, 3, 8 and 12 tons of added lime per acre had pH 
values of 6'5, 6-S, 7'6 and 7-9 respectively with corresponding 
exchangeable manganese contents of lO-O, 8>4, 6*0 and 2*0 mg. per 
cent. This fall in the value of exchangeable manganese is attributed 
to oxidation of the manganous ion. Conversely, aoidifioarion 
generally increases the content of exchangeable manganese. For 
this reason addition of sulphur, which should increase soil acidity, 
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has been employed in order to increase the exchangeable manganese 
content, but the effect of such addition may be slow and slight. 
In general, it may be said that a considerable increase in soluble 
manganese only takes place when the soil reaction is brought well 
on to the acid side. Altering the oxidation-reduction state of the 
soil by waterlogging can increase the exchangeable manganese 
content, and application of reducing agents, such as sodium sulphite 
and hydroquinone, had previously been found to increasb the 
soluble manganese content in pot cultures. In the field, however,' 
where soil conditions were probably drier. Miss Heintze found no 
such effect. Direct addition of manganese sulphate may have 
little effect since the manganese may be rapidly oxidised, although 
with a reclaimed heath soil from Shropshire complete control of 
manganese deficiency in peas was achieved in this way although 
the amount of exchangeable manganese remained low. It would 
thus seem that the amount of exchangeable manganese is not 
always a good index of manganese availability. However, Miss 
Heintze found that neither of the other two fractions mentioned 
above proved any better for characterising manganese-deficient 
soils. 

It has been known for some time that symptoms of manganese 
deficiency are liable to develop in plants growing on certain soils 
rich in humus, which suggests that the nitrogen status of the soil 
may be a factor in determining manganese deficiency. This view 
is supported by the finding that soils oontaitting more inorganic 
nitrogen produced crops suffering from mafiganese deficiency 
whereas otherwise similar soils with less inorganic nitrogen did not. 
Also in field trials with a redeemed neutral heath soil from Shropshire 
it was found that addition of ammonium sulphate increased the 
severity of the symptoms of manganese deficiency in pats, sugar 
beet and peas. 

A further interesting finding of Miss Heintze was that peas 
grown in pot culture required an adequate supply of manganese 
throughout the whole period of seed formation. Manganese 
aooumulated in the plant earlier was apparently not utilisable for 
seed production. 

H. G. Dion and P. J. G. Mann (“Three-valent Manganese in 
SoUs,” Joum. Agric. Sd., ZQ, 239-46, 1946) find that the product 
of oxidation of divalent manganese in soils is three-valent manganese 
and they think this exists in the soil as h 3 rdrated manganic oxide 
Mnjj0|‘a;H|0. This substance dismutates into MnO, and divalent 
manganese under weakly' acid conditions. The amount of divalent 
manganese in tihe soil at uiy time will be the result of an equilibrium 
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belween the relative rates of oxidising processes on the one hand, 
and rednoii^ aoMl disBantatittg processes on the other. 

A relation between iron and manganeae in the metabolism of 
the plant has been suspected for a long time. £. S. Twymaa (“ The 
Irommanganese Balance and its Effect on the Growth and Devdop- 
ment of Plants,” New Phyt., 45, 18-24, 1946) has produced a useful 
summary of the literature of this subject. It is interesting to note 
that nearly one hundred years ago, in 1848, Count Salm-Horstmar 
described the now well-known symptoms of manganese deficiency 
f ‘ grey speck ”) in oats as occurring in cultures supplied with iron 
but without manganese, whereas when both iron and manganese 
were mipplied the plants were free from these symptoms. During 
the present century a number of observations have been made 
indicating a close connection betwwn iron and manganese in the 
plant. Recently the question has been dealt with by T. Wallace 
and E. J. Hewitt in a paper dealing with iron deficiency in crop 
plants (“ Studies in Iron Deficiency of Crops. I. Problems of Iron 
Deficiency and the Interrelationships of Mineral Elements in Iron 
Nutrition,” Jmrn. Pomology and Hort. Sci., 22, 16.3-61, 1946). 
Their record of the occurrence of both iron deficiency and man- 
ganese deficiency in the same plant, as in apples, plums, poaches 
and raspberries, is important in view of the theory of Somers and 
Shive that manganese deficiency symptoms result from a too high 
iron ; manganese ratio in the plant and iron deficiency from a too 
high manganese ; iron ratio, so that, in effect, iron deficiency is 
the same thing as manganese excess, and manganese deficiency the 
same thing as iron excess. Wallace and Hewitt, moreover, idso . 
point out that although manganese excess may produce chlorosis, 
it does not do so in all plants, while when it does other symptoms 
may accompany the chlorosis and its visual pattern may differ 
from that of iron chlorosis. This has been shown to be so with 
beans by T. Wallace, E. J. Hewitt and D. J. D. Nicholas (“ The 
Resolution of Factors injurious to Plants on Acid Soils,” NcOure, 
156, 778, 1946). 

R. MacVicar and B. E. Stnickmeyer <“ ISie Relation of Photo- 
period to the Boron Requirement of Plants,” Bot. Qaz., 107, 464-61, 
1940) have examined the effect of boron shortage on the growth of 
soya bean plants exposed to different daily periods of illumination, 
namely 9 hours and 17-18 hours. In an expwiment carried out in 
the spring, about 8 weeks after seedlings in pot culture were trans- 
ferred to these respective omuiitions no visilfie difierencea ootdd Im» 
detected in the shert-day plants between those supjdied with boron 
and those without added boron. With the long-day {fiaata, bow- 
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ever, reduced growth of the boron-deficient plants was idready 
visible and a month after transference to the long i&otcqiiiiid 
condition these plants exhibited the tjrpksal a^nnptotns of boron 
deficiency, involving brittleness of the Ibaves, necrosis of meriste- 
matic tissue and reductKHi of secondary-root formation. After a 
further 26 days the symptoms of boron deficiency in these plants 
was very severe, whereas the corresponding plants exposed to 
normal daylight showed only mo<lerately severe symptoms, and 
the short-day plants were essentially normal. Confirmatory results 
were obtained in a similar experiment carried out in the autumn. 
These observations confirm the earlier experience of Miss Warington, 
who found that shortened days retarded the appearance of symptoms 
of boron deficiency in broad beans and other plants. 

The necessity of boron for the tobacco plant was demonstrated 
by T. R. Swanback twenty years ago. The same worker has now 
shown (“ Boron in Tobacco Fertilization,” Soil Sci., 62, 137-49, 
1946) by means of field exjHJriments and chemical analyses of soil 
and plant material, the importance of a proper balance in the soil 
between boron and other mineral nutrients, notably potassium and 


calcium, and it is suggested that the ratio 


K xjl 

' Cia ' 


where K, B 


and Ca represent the proportions of these three elements in the 
plant, might be important in relat^n to crop yield. 

R. MacVicar, W. E. Tottingham and G. H. Rieman (“ Boron 
Supply and Boron Content of Potatoes,” Soil Sci., 62, 337-40, 
1946) have attempted to correlate the boron content of potato 
leaves and tubers with the available boron in the soil. To this 
end the soluble boron in a number of soils was determined together 
with the boron content of the leaves and tubers of potato plants 
growing on the respective soils. It appeared that variations in 
the boron content of the tissues could only be correlated with 
variations in the soluhte boron content of the soil in soils- of similar 
teixture. With soils of different texture no such correlation was 
found. Thus plants Rowing on a peat with a soluble boron content 
about foiur times that of a sandy loam actually contained less boron 
than plants growing on the latter soil. As regeuds the actual 
oontont of boron in the plant it was found that the leaves exanmeked 
contained normally from 1S2’0 to 49-9 p.p.m. (parts p^ mfilioi^ and 
the mature tubers 6-4 to 14’3 p.p.m., based on dry weight. In 
experiments in which borax was added to the soil in quantities 
varying from 26 lb. to 160 lb; per acre, the amounts of IxMon in 
the leaves and tubers were much greater, rising with the highest 
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dressing of borax to 460 p.p.m. in the leaves and 121 p.p.m. in the 
tubers, although with this high boron content the crop yield was 
considerably" reduced. It is concluded that when the quantity of 
boron in the leaf exceeds 300 p.p.m. this element is definitely toxic. 

Boron deficiency in apples results in development in the fruit 
of internal cork, a condition which can be prevented by application 
of borax or boric acid to the soil. It thus becomes of interest to 
determine any effect of boron on the fruit during subsequent storage. 
This question has been the subject of investigation by M. H. Haller 
and L. P. Batjer (“ Storage Quality of Apples in Relation to Soil 
Applications of Boron,” Joum. Agric. Res,, 73, 243-63, 1946). 
They found that increasing the boron content of the soil by a dressing 
of borax brought about a considerable increase in the boron content 
of the fruit, values 40 p.p.m. or higher being observed as compared 
with normal values in the region of 12 to 20 p.p.m. Sometimes the 
application of borax to the soil induced earlier maturity as indicated 
by earlier dropping of the fruit and the colour change from green 
to yellow and red. On the other hand, the increased boron content 
was not associated with any appreciable effect on acidity, solute 
concentration or dessert quality. In Jonathan apples excessive 
boron greatly increased the tendency to internal breakdown during 
storage whereas in some other varieties such as Declicous storage 
scald was definitely reduced in fruit with a high boron content. 

A study, largely microchemi^al, of the effect of zinc deficiency 
on tomato plants has been made by H. S. Reed (“ Effects of Zinc 
Deficiency on Phosphate Metabolism of the Tomato Plant,” Am&r. 
Jowm. Bot„ 33, 778-84, 1946). The distribution of phosphates, 
oxidases and dehydrogenases was examined by means of micro- 
chemical tests applied to sections of tissue, while information about 
the sugar and starch in the leaves was obtained by chemical analysis. 
The general results of the investigation showed that plants suffwing 
from zinc deficiency were stunted and pale green, there being 
inhibition of the development of meiistematio tissue in the stem 
and hypertrophy of the mesophyll cells of the leaf. The stem 
contsuned more inorganic phosphate and oxidase in the phloem 
and extra-stelar region than did those of normal plants, but less 
dehydrogenase. It is concluded that the greater quantity of 
inorganic phosphate results from an inoreEuaed amount of phosphatase 
in the affected plants. This disturbance of the phosphate meta- 
bolism in zinc-deficient plants results in disturbance of cellular 
activities as indicated by the abnormal condition of the mwis- 
tematic and parenchymatous tissue. The leaves of zino-deficieni 
plants contained a higher percentage of reducing sugars but less 
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sucrose and starch than normal plants, which suggests that an 
enz 3 rme system involved in carbohydrate metabolism, as for example 
zymohexase which is said to contain both copper and zinc, is put 
out of action in plants deficient in zinc. 

Shortage of copper is known to produce on certain continental 
soils a pathological condition known as reclamation disease. An 
account of this, more especially as it affects the Netherlands, has 
been produced in book form by W. J. Melohers and H. J. Gemtsen 
{Koper (ds onmiabaar element voor plant en diet, Wageningen, 1944). 
The work is illustrated with a number of photographs, some in 
colour, which show the symptoms of copper deficiency in a number 
of species including oats, barley, canary seed, garden peas, potato, 
garden beet and sugar beet, meadow soft grass {Hohua lanatua) 
sheep’s fescue {Featuca ovina) and marsh bent gross (AgroaUa alba). 

As with manganese, it appears that deficiency of copper may 
not always be due to an absolute shortage of the element in the 
soil, but that other factors may influence its availability to the 
plant. 

The influence of copper deficiency on the metabolism of the tung 
tree (Aleuritea fordii) is the subject of a paper by 8. G. Gilbert, 
H. M. Sell and M. Drosdoff (“ The Effect of Copper Deficiency on 
the Nitrogen Metabolism and Oil Synthesis of the Tung Tree,” 
Plant Phyaiol., 21, 290-303, 1946). Disorders of this tree due to 
manganese and zinc deficiencies had already been known for some 
time. More recently a necrosis of the leaves was observed which 
appeared to be the result of copper deficiency ; at any rate, the 
disorder was controlled by application of copper sulphate to the 
soil or by spraying the foliage with a solution of this salt. Gilbert, 
Sell and Drosdoff determined the carbohydrates, nitrogen fractions 
and copper in normal leaves and in leaves in which the pathological 
symptoms were just beginning to appear. The affected leaves 
contained less copper than normal ones, but also they contained 
less reducing sugar and very much less starch than normal leaves ; 
the x>eroentage of non-redubing sugar was much the same in affected 
and healthy leaves. The total nitrogen content of affected leaves 
was oonsnlerably higher than that of normal leaves, the high value 
bbing largely due to the waterdnsoluble nitrogen fraction. The 
oonolmaon drawn is that in copper-deficient plants abnormally 
large quantities of complex nitrogen compounds are formed at the 
expense of carbohydrate. In copper-deficient plants not only are 
the toaves affected but the seed is abnormally small and fist 
production is low. 

• The effect of copper deficiency on plant metabolism has also 
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been examined by J. G. Wood and H. B. S. Womerdey (“ Develop- 
ment and Metabolism of Copper-defioient Oat Plants,” Australian 
Joum. Expt. Biol, and Med. 8ci., 24, 70-94, 1946). The oat plant 
is particularly susceptible to copper deficiency, the symptoms being 
the absence of pigment in the leaves and their failure to unroll, 
failure of grain formation and excessive tillering. Oat plants 
were grown in pot culture under various oonditiotis of copper and 
nitrogen supply, and copper, protein nitrogen, crude fibre and 
ascorbic acid determined in the plants after harvesUng. All 
nitrogen-deficient plants, whether receiving additional copper or not, 
developed the symptoms of copper deficiency, but this was ascribed 
to poor root development. In the plants supplied with nitrogen 
but not with copper the percentage of protein in stems, leaves 
and roots was higher at late harvesting than in plants supplied with 
both nitrogen and copper. The copper-deficient plants behaved, 
in fact, hke plants in which the inflorescence had been removed 
and in which vegetative growth continued ; the protein hydrolysis 
which occurs in the vegetative organs of normal plants during 
maturation of the grain was very much reduced in the copper- 
deficient plants. In the latter it would thus appear that insuifioimit 
copper reached the flower to produce some essential copper complex. 
The amovmts of copper found in the various parts supported this 
view, the total amounts in the inflorescence and grain of the copper- 
starved plants being very much less than the corresponding amounts 
in normal plants, l^ad leaves were found to have a high percentage 
of copper, suggesting that the copper in leaves is relatively immobile 
and that the copper required for grain formation must come from 
the roots so that a continuous supply from the external medium 
is required throughout the life of the plant. 

Miss K. Warington (“ Molybdenum as a Factor in the Nutrition 
of Lettuce,” Ann. App. Bud., 33, 249-64, 1946) has made a study 
of the effect of molybdenum on lettuce plants grown in water oidture. 
Usually the molyMenum, as sodium molybdate, was supplied in a 
concentration of 0*1 p.p.m. In genial, the plants suited with 
added molybdenum produced more dry matter thmi the controls 
without added molybdenum and in a number of experiments the 
latter exhibited definite symptoms of what would apffemx to be 
molybdenum deficiency. Such plants were small, ptde, and with a 
loose open habit, and as they approadied maturity aorae of the 
medium -aged leaves devdoped patches of grey-blue orinided tissue 
which later coalesced, turned yellow and papery, and &ially withered. 
Although in some experiments plants without added moiybdmuun 
appeared quite healthy, Miss Warington concludes that Budybdenum 
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plays an important part in Maintaining a healthy condition in the 
lettuce plant. 

The necessity of molybdenum for a number of Leguminosa has 
been indicated in work by A. J. Anderson ('* Molybdenum in Relation 
to Pasture Improvement in South Australia/’ Jowrn. Cowrvcil 8ci, 
Ind. Res,i 19, 1-15, 1946). Field trials with certain isoils showed 
that addition of molybdenum as molybdenum trioxide, sodium 
molybdate or ammonium molybdate, improved the growth and 
colour of a number of species of clover including Trifolittm mb- 
terraneum^ T. gUmiemtum, T. procumbens and T, anguatifolium. 
When grown in pot cultures addition of molybdenum to the soil 
was found to increase the growth of both T. suMerraneum and 
Medicago saliva. 

K. C. Beeson, L. Gray and M. B. Adams The Absorption of 
Mineral Elements by Forage Plants : I. The Phosphorus, Cobalt, 
Manganese and Copi>er Content of some Common Grasses,” Joum, 
Amer. Sac. Agron., 39, 356-62, 1947) have obtained information 
about the relative trace element contents of grasses belonging to 
fifteen species all grown on the same soil, a fine sandy loam. With 
reference to each element they arranged the grasses into three 
groups, namely, grasses with high, medium and low content of the 
particular element. The high manganese group contained from 
815 p.p.m. (red top) to 261 p.p.m. (brome grass) of that element, 
the medium group from 195 p.p.m. (carpet grass) to 135 p.p.m. 
(Kentucky blue grass) and the low group from 107 p.p.m. (quack 
grass) to 96 p.p.m. (para grass). With cop|>er the contents varied 
from 21 p.p.m. (Kentucky blue grass) to 12 p.p.m. (red top) in the 
high group, from 10*5 p.p.m. (Jolmson grass) to 7-2 p.p.m. (Vasey 
grass) in the medium group, and from 6*8 p.p.m, (quack grass) to 
4*6 p^p.m. (para grass) in the low group. The high cobalt group 
(Kentucky blue grass and carpet grass) contained about 0*13 p.p.m. 
of that element, the medium group, which included brome grass and 
timothy, about 0*08 to 0*09 p.p.m., while the low group contained 
from 0*05 to 0*07 p.p^m. of cobalt. The range of cobalt content was 
thus much narrower than that of either copper or manganese. No 
doubt considerably greater variations than those recorded would be 
found with plants grown on different soils, but work on these lines 
should prove of economic importance in regard to the nutrition of 
grasdng animals. 
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ENTOimOLOOY. By A. D. Lbks, M.A., Ph.D., Agricultural Research 

Cotmoil, Unit of Insect Physiology, Cambridge. 

Thb LAKOtTAOB OP THB HoNBY Bee. — dish Containing sugar 
water placed near a hive of bees may remain unattended for some 
time but, once it has been found by one bee, others from the same 
hive soon follow. Again, when a particular flower is discovered 
by a few bees, other foraging workers from the same hive may 
soon tuni their attentions to this species to the virtual exclusion 
of other flowers. How is the knowledge of situation and of the 
flower species communicated ? These questions have recently been 
answered by K. v. Frisch in a remarkable series of observations 
(Oaterreich. zool. Zeit., 1946, 1, 1 ; ExperierUia, 1946, 2, 1). 

The language of the honey bee is one of scents and dances. 
The kind of flower visited is indicated by the scent adhering to the 
body of the homing bee ; but this becomes relatively faint if the 
bee is returning from far afield. A more permanent guide is pro- 
vided by the nectar in the honey stomach, which retains the speoiflc 
flower scent and is afterwards fed to other bees in the hive. The 
importance of such means of communication can be shown by 
feeding a bee on a droplet of sugar water which has absorbed the 
specific scent from a bloom of Phlox. If blooms of Cydamen and 
Phlox are now placed near the hive the latter are visited exclusively, 
even though the nectar is accessible only to Lepidoptera. Bees can 
be made to acquire the scent of Cyclamen on their bodies and that 
of Phlox in their honey stomachs. In this way it is possible to 
show that the strength of the latter remains relatively undiminished 
even after a long flight. 

By using a gloss-fronted observation hive the dances of the 
returning bees could be watched. Bees dance only when food is 
abundant. Those informed by the scent then fly out and the 
number of visiting bees increases. Conversely, when there is little 
nectar about, dancmg ceases and the number of foraging bees 
diminishes. In this way there is always a correct relation between 
the amount of nectar and the number of visiting bees. 

The dances also have a signifloance that was previously tmsus- 
peoted in conveying to other bees the distance of the feeding place 
from the hive. Bees collecting nectar at distances of less than 
100 metres p^orm a “round dance” (Bundtons), moving in a 
circle first in one direction and then in the other. Bees ooUeoting 
at greater distances, on returning to the hive, perform a second 
“ tail-wagging ” dance (SchwdnzeUam), which consists of nmvements 
in a semicircle, alternatively to the left and right. The “ tail- 
wagging ” occurs between successive semiomndar movements when 
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the bee is advancing in a straight line (the “ straight run ”). But 
the information imparted by the Schw&meUanz is even more precise 
than this, for there is a very constant relationship between the 
rhythm of the dance (number of turns per unit of time) and the 
absolute distance from the hive. 

Not only does the Schtodnzdtanz convey the distance, but, 
more remarkable still, it indicates the direction of the feeding 
place by the orientation of the straight run. Running up the comb 
signifies that the feeding place is in the same direction as the sun ; 
running, to the left of the perpendicular by a certain angle means 
that food can be found in the same angle left of the sun ; running 
downwards means that it is in the opposite direction to the sun, 
etc. Very few of the informed bees fly out in the wrong direction. 
If the comb is laid horizontally the SchwHmeltanz is still performed, 
but now the direction of the straight run indicates the situation of 
the food directly (“ like a compass needle ”). Dancing may indeed 
sometimes occur naturally on a horizontal surface, at the threshold 
to the hive, on a partly constructed comb, etc. 

Th® Rbproditotivk Behaviouk and Oeirntation of 
S oLiTARy Wasps. — The nesting behaviour of the Spheoid wasp 
Ammophila adriaatmei has been described in two very interesting 
publications by G. P. Baerends (Tijdachr. Ent. 1941, 84, 68 ; 
Nederl. Alcad. v. Wetenach., 1941, 44, 1). The reproductive 
behaviour of the female wasp consists of coition, digging one-oelled 
nests, capturing and paralysing caterpillars, which are then stored 
as larval food. Observations with marked wasps showed that one 
female usually tended two and sometimes three nests simultaneously 
and revealed a roost interesting pattern of behaviour. During the 
first phase of activity the wasp digs nest A in flat sandy ground, 
closing the entrance with loosely fitting crumbs of soil. She then 
brings a caterpillar, reop<»is the nest, lays an egg and closes the 
entrance with greater care, thus completing this phase. She is 
then occupied for one day or more digging nest B and again com- 
pletes the first phase. Next she visits nest A without a caterpillar, 
reopens it and disappears into the cell (“ solitary visit ”). If the 
larva has hatched she then brings 1-3 caterpillars (“ provisioning 
visit ") and again closes the nest. This second phase is then com- 
pleted with nest B. During the third and final phase there is a 
further solitary visit to A followed by a provisioning visit with 3-7 
oaterpilkrs. I^he nest is then closed with particular care. Apart 
ftom the other activities of sleeping or foraging for hersdif the wasp 
is occupied with one nest only during each phase. Sometimes slw 
(figs a third nest before beginning the second phase in B. 
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By substituting for the real nest a plaster cell whose contents 
could be changed at will, the solitary visit was shown to be a visit 
of inspection. Thus it is the amount of food present during the 
inspection that determines the behaviour during the second and 
third phases. If, for example, the larva is replaced by an Ammophila 
egg and a caterpillar from another nest, the wasp does not immedi- 
ately start provisioning after the first solitary visit as she would 
normally. Again, if the egg is replaced by a larva, fresh cater- 
pillars are brought. Or if all caterpillars are removed before the 
occasional solitary visit half-way through the third phase, the wasp 
brings a great excess of caterpillars. Yet there is no response when 
the same changes in the cell contents are made before a provisioning 
visit. On the other hand, there is certainly mutual stimulation 
between the wasp and her larva and the passage from one phase 
to the next is probably regulated by the age of the larva she hapjwns 
to find. 

Of particular interest also are the means by which the fossorial 
wasps find and recognise their nests. Pi'evious ex}.)eriment8 with 
Philanthus Irianqulum, wliich captures and stores honey bees, 
showed that the visual recognition of landmarks was of paramount 
importance. By placing various objects round the nest entrance 
N. Tinbergen and W. Kruyt {Z. vergl. Physiol., 1038 , 26, 292 ) 
were able to demonstrate that certain objects were preferred to 
others as training “ beacons.” Height was the most important 
oharacteiistic, but other qualities, such as size, solidity and contrast, 
were also of significance. Training to a new situation takes place 
more readily after prolonged rain has obliterated the old landmarks. 
At first the waep orients towards the complex of objects ; later in 
the training experience particular objects in the assemblage may 
assume a special importance. How the wasps find their way back 
to the neighbourhood of the nest from far afield is less well under- 
stood, although N. Tinbergen and R. J. van der Linde (Bid. ZU., 
1938 , 58, 426 ) have shown that, when wasps were captured and 
released at var 3 dng distances from the nest, the number which 
failed to return was much greater when they were transported in 
the opposite direction to their natural hun^ig ground, which in 
this case was a heath much frequented by bees.- This suggested 
that only the territory over whibh they normally flew was well 
known to them. 

Baerends investigated this problem in Awmophih, by following 
the homeward route when the wasp and her caterpillar are r^eased 
at some distance from the nest. If the larva is sufiloiently small to 
be carried in flight the wasp makes a short, spiral orientation flight 
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before proceeding directly towards the nest. A heavy caterpillar, 
on the other hand, has to be dragged along the ground. When, 
as often happens, the wasp loses her way, she climbs a low tree or 
bush, after momentarily abandoning the larva, and appears to take 
stock of her surroundings. The correct route is again .resumed 
after some conspicuous landmark, such as a particular tree, falls 
within tlie visual field. That orientation does in fact depend on 
the recognition of such landmarks was shown conclusively by 
constructing a row of dummy pine trees which were moved when the 
homing wasps had become accustomed to them. 

Near the nest entrance the significant landmarks become pro- 
gressively smaller, such objects as twigs, fir cones and tufts of 
grass being commonly used. Solid objects arc again preferred to 
those without relief, although sand flecks are sometimes of signifi- 
cance. It is clear that with two or more nests under her care simBl- 
tanoously the wasp must possess a remarkably retentive memory, 
particularly as she may be unable to visit her nests for days on 
end during bad weather. 

ThR OLASSmCATION OR SIMPLE ObIENTINQ REACTIONS. — ^The 
innate responses of insects to elementary physical stimuli have 
been increasingly studied in recent years. The subject hew been 
considerably develojied by G. Fraenkel and 1). L. Gunn in their 
book The Orientation of Animals. Kinese^s, Taxes and Light Compass 
Reactions, Oxford, 1940. Besides providing a summary of a large 
body of knowledge, much of it dealing with arthropod behaviour, 
these authors have been successful in clarifying and regrouping the 
various orientations so as to bring out the essential mechanisms 
concerned. 

The importance of simple orienting responses in the life of an 
insect is weU illustrated by the behaviour of the human body louse, 
Pedietdus humanus (V. B. Wigglesworth, Parasitology, 1941, 33, 
07). When the louse is offered alternative slimuli in a choice 
chamber many of the reactions are undirected (kineses). The 
retinae may depend on the rate of movement (orthokinesis) as, 
for example, when the louse chooses rough in preference to smooth 
cloth by coming to rest more frequently on the former. Or, in 
responding to other diffuse stimuli, the rate of turning may increase 
when the louse encounters the unfavourable stimulus (khnokinesis) ; 

if it fails to regain the favourable zone the track gradually 
becomes less convoluted as sensory adaptation takes place. This 
is the usuid response to temperaturee higher or lower than about 
SO*' 0., to high humidities or humidities to which the louse is un- 
accustomed, or to smells other than the preferred scents of man 
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and of louse excreta. In this response the louse is in no way 
attracted to the favourable stimulus. Instead it avoids a zone 
where an intrinsically repellent stimulus is present or where a 
favourable stimulus which has been recently experienced is absent. 

Directed responses (khnotaxes) to diffuse stimuli come into 
play if the gra^ent is sufficiently steep. The louse then turns 
back immediately on entering the unfavourable zone. This orienta- 
tion is probably brought about by successive comparisons of intensity 
as the antennse (which bear humidity, smell and temperature 
receptors) are swung from side to side. Finally, in responding to 
darkness or lateral illumination simultaneous comparisons of light 
intensity by the eyes (tropotaxes) are of most importance. All 
these responses are of value in keeping the louse within its normal 
environment. 

* Thb Structubk of lN.SEC?r CuTicnit. — Since my last notes in 
SciENOB PKt)OBESS, 1946, 34, 609 on the subject of the insect cuticle 
farther important contributions have been made towards the elucid- 
ation of its structure. Interest has centred [particularly on the 
structure of the inner layers of the cuticle, on the nature of the 
hardening process, and on the structure of the “ epieuticle ” 
which, by the application of new methods, has been shown to be 
far more complex than was previously suspected. 

The fine structure and chemistry of several insect cuticles has 
been re-examined by G. Fraenltel and K. M. Rudall {Proc. Jtoy. 
8oc. B, 1947, 134, 111). Soft cuticles which yield the highest 
values for protein, contain chitin and protein in the approximate 
ratio of 55 : 45 corresponding, for equal chain lengths, to a ratio 
of one chitobiose unit to three amino-acid residues. X-ray examina- 
tion showed tliat the protein moiety, unlike that of most vertebrate 
skeletal proteins, was in the form of extended /^-protein chains. 
The fact that important features in the chitin diffraction pattern 
of intact cuticle depended on the stability of the protein suggested 
the presence of alternating monolayers of protein and chitin. The 
similar shape and spacing of the chains may permit the formation 
of stable, interpenetrating lattices. 

Previous studies with the electron microscope by A. G. Richards 
and T, F. Anderson (J. Morph., 1942, 71, 136) had indicated that 
the endoeuticle of the cockroach fwonotum consisted of altemate 
layers of diffierent density. This lamination, it was suggested, 
might be due to the presence of alternating layers of dense ohito- 
protein polders and chitin relatively poor in prc^ein. The 
mdocutiole is penetrated by pore canals whioh saw hdioal in idi4pe 
and number about 200 to each epidermed oeU. TSie eleotnm inioro-' 
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graphs revealed the presence of at least two layers in the ooekroaoh 
epioutiole. On the other hand, the endocuticle of mosquito larvae 
was devoid of pore canals and the epiouticle appeared to consist of 
one uniform layer. 

The stnicture and growth of the larval cuticle of Sarcophaga 
has been studied histologically by R. Dennell {Proc. Boy. Soc. B, 
1946, 133, 348). The soft endocuticle consists of two zones. The 
outer, which is deposited during early larval life, contains relatively 
large pore canals which stop short of the epiouticle. The inner zone 
is secreted later in larval life and is without pore canals. The latter, 
which are left isolated in the outer endocuticle, become filled with 
ohitin. Two layers were again distinguished in the epicuticle, an 
inner protein layer and an outer resistant “ lipoprotein ” layer. 

The nature and deposition of the outermost layers of the cuticle 
in Rhodnius have been examined in detail by V. B. Wigglesworth 
(Proc.. Roy. Soc.. B, 1947, 134, 163). The “epicuticle” in this 
Reduviid is again composite and consists of four distinct layers, an 
inner “ cuticulin layer ” composed of polymerised lipoproteins 
tanned by quinones, a “ polyphenol layer ” rich in dihydroxy- 
phenols, a “ wax layer ” resjxtnsible for the waterproofing of the 
cuticle, and an outer “ cement layer ” of unknown nature covering 
and protecting the wax. During the secretion of the new epiouticle 
the omocytes, which lieoome greatly lobulated, synthesise the 
lipoprotein, which is afterwards taken up by the epidermal cells 
and dejjosited as the cuticulin layer. Next, the polyphenol droplets 
appear at the tips of the pore canals which can be seen to penetrate 
the cuticulin layer. Later these droplets coalesce to form a con- 
tinuous film. Wax is then secreted by the pore canals over the 
polyphenols, the continuity of this layer being finally established 
just before the shedding of the old cuticle. The cement is secreted 
by the dermal glands and is poured out over the surface of the wax 
within one hour of moulting. Wigglesworth emphasises the remark- 
able. timing and co-ordination of these events, and the chemical 
range of the epidermal cells which are responsible for the secretion 
of «^.the cutioular layers with the exception df the cement covering. 

Within the thick epioutiole of the louse Eomenamnthua J. E. 
Webb (ParcuUdogy, 1947, 38 , 70) has detected four layers, of which 
the outw is a cement layer. The inner three layers, which are 
distingiiished by their staining properties, may include a layer 
additional to those described in Rhodnius. All three are penetrated 
by the pore canals. Multi-layered epioutioles are also found in 
ticks <A. D. Lees, J. Exp. Biol., 1947, 23 , 379). In the Argasidas 
the epioutiole consists (rf four layers homologous with those in 
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Rhodnim, In the Ixodidae, however, the cement covering is 
absent, leaving the wax layer freely exposed. A further difference 
between these two families conoerns the nature of the waterproofing 
waxes. Without exception the Argasid waxes have higher transition 
temperatures and are more effective in preventing the transpiration 
of water. The ArgasidsB live in very dry situations, whereas most 
species of Ixodidas are found in much moister environments. 

Further progress has recently been made in the identification 
of the phenolic substances responsible for the hardening process in 
insect cuticles, which has been shown to be due to a tanning of the 
cuticular proteins. M. G. M. Pryor, P. B. Russell and A. R. Todd 
{Biochem, J., 1946, 40 , 627 ; Nature, 1947, 159 , 399) have isolated 
the tanning agents from several insects. Tlie phenol extracted 
from cockroach oothecae proved to be protocatechuic acid (3:4- 
dihydroxybenzoic acid). The reaction of this substance with the 
left (protein-secreting) oolleterial gland is identical with the reaction 
when the contents of the left and right glands are mixed. Proto- 
ca^chuic acid was also isolated from Callij)}u)ra puparia. Tenebrio 
adults, on the other hand, yielded a mixture of 3 : 4-dihydroxy- 
phenylacetic and 3 : 4-dihydroxyphenyl-lactic acids. Now Fraenkel 
and Rudall have shown in the paper cited above that the substrate 
of the phenol is certainly tyrosine in the blix>d. Pryor, Russell 
and Todd therefore suggest that if, as api>ears probable, dihydroxy •* 
phenylalanine is the first product of the action of polyphenol oxidase 
on tryosine, the three phenolic acids detected by them represent a 
complete series of the stable degradation products of this substance. 
The mechanism of hardening is being studied further, but it probably 
involves the condensation of the o-dihydroxyacid with protein 
chains to form a stable cross-linked structure in which the nitrogen 
of the free amino-groups becomes attached directly to the aromatic 
nuclei. 

A New Classipioation of Insect Pin*.®.— In a paper of this 
title H. E. Hinton (Proc. Zool. 8oc, Lond., 1946, 116 , 282) has 
reconsidered the structural characters of pupae in relation to the 
maimer of emergence of the adult insect. The present olassifioation 
recognises as principal types the exarate, obteot and coarctate 
pupae of Linnaeus. It is pointed out, however, that the last category 
is misleading as the puparium of the Cyclorrhapha is in the nature 
of a cocoon, the pupa it contains being typically exarate with free 
Hinton distinguished two primary olasses of pupae, 
the pupa dedica, possessing funduonal mandibles in l^e pupad 
the pupa adectica with non-tfunctional mandibles. 
Dectioous pupae, which are all exarate, are found in the Megalopterai 
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Neuroptera, Mecoptera, Triohoptora and primitive Lepidoptera. 
Among inseotB from these orders the mandibles are used for biting 
open the ooooon or pupal cell, the adult often walking some distance 
before casting the pupal skin. Adecticous pupae, on the other 
hand, may bo oxarate or obteot. Evolution has in many oases 
tended to accentuate the obtect characteristics. The function of 
this increased “ soldering ” of the appendages is partly protective 
and partly to facilitate the escape of the pupa from the pupal cell. 
The escape of the adecticous pupa is often assisted by the presence 
of cocoon-cutters and arrangements of backwardly directed spines. 
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Mutations Produced by Chemical Compounds 

The discovery recently rej)orted by Auerbach and Robson (Proc, 
Roy, 8oc, Edin,, 1947, 62B, 271, 284) of the production of mutations 
by chemical compounds is a most significant advance in genetics 
and in biology generally ; it is also of particular interest to the 
biochemist. Since Muller’s success in producing mutations by 
X-rays, many attempts have been made to induce them by chemical 
compounds. In the piist positive results have been claimed, but 
the effects have always been small and of doubtful significance. 
Auerbach and Robson now report that mutations are produced in 
Drosophila melanogasUr by treatment with mustard gas (dichloro- 
diethylsulphide, S((^H 2 CHaCl) 2 ). The rate of mutation produced 
by sub-lethal dos^^s of this compound may be of the same order 
as that produced by X-rays. Among 2750 sons of treated males 
there occurred 79 visible mutations, as compared with 0 among 
the same number of untreated males. As with X-rays, treatment 
with mustard gas prodtjces, besides visible mutations, other evidence 
of chrornosomic changes, such as sex-linked and dominant lethals, 
and chrornosomic translocations and deletions. 

Besides mustard gas, Auerbach and Robson have tested a number 
of other chemical compounds. Small, but probably real, effects 
have been observed with allyl wrothiocyanate. Much more striking 
effects have been produced by three compounds related to mustard 
gas and possessing the vesicant properties of the latter. These are : 
0H3N(CH2CH2C1)3 ; N(CH,CH,C1)3 ; and 0(CH3CH3SCH3CH,CI)3. 
In their mutagenic action these three compounds resemble mustard 
gas quantitatively and qualitatively. It is of interest that lewisite, 
CHCl:CHAsCl„ a powerful, arsenic-containing vesicant, had no 
detectable mutagenic action. 

Evidently we have in these mutagenic compounds chemical 
agents which enable us to modify the structure of the chromosome. 
A new field of research in genetics has thereby been opened up, and 
also a new approach has been ^made possible to the study of the 
chemistry of the gene and the enzyme systems which it controls. 
Furthermore, the proof that certain chemical substances definitely 
induce mutations makes it easier to explain the spontaneous muta* 
tion rate. This is higher than can be accounted for by thermal 
agitation cosmic rays and rays from radioactive materials. Auer- 
bach and Robson discuss the possibility that natural mutations may» 
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in part, be the effect of the presence in the cell of metabolites with 
a mutagenic action. This h 3 rpothesi 8 haa many attractive features, 
and will no doubt be duly submitted to experimental tests. 

An Exhibition of British Chemistry (J. R. Ruck Keens) 

Petty nationalism is always undesirable ; but it was in no such 
spirit that the Chemical Exhibition, housed in the Science Museum 
through the courtesy of its Director, Dr. H. Shaw, was arranged. 
Indeed, there is every justification for placing before the overseas 
visitors to the Centenary Celebrations of the Chemical Society and 
the Xlth International Congress of Pure and Applied Chemistry 
a comprehensive review of the scojie and originality of the Britislt 
contribution to chemistry. Moreover, the exhibition remains o|)en 
until September 30th, so that a wider public can visit it. 

The Exhibition has been arranged on behalf of the Chemical 
Society and the Congress by a Committee under the Chairmanship 
of Sir Robert Robertson, K.B.E., D.Sc., F.R.S., and is in two parts 
illustrating the history and applications of the science. The his- 
torical part has been arranged in sections each dealing with a broad 
division of chemistry. Each section has been in the care of a panel 
of experts responsible not only for the selection of the exhibits 
but also for the corresponding chapter of the handbook to the 
exhibition. Chemical Progress, printed by H.M. Stationery Office 
(price 1«. 6d.). The preparation has entailed considerable labour by 
a group of leaders in chemistry in Britain today and it constitutes 
a brief, authoritative, but comprehensive survey which may well 
become a valuable aid to future students and teachers of chemistry. 
The Chairmen of the panels are Dr. A. E. Alexander, Dr. G. M. 
Bennett, Professor J. D, Bernal, Professor H. V. A. Briscoe, Dr. 
E. M. Oowthor, Professor C. W. Davies, Professor D. H. Hey, 
Professor C. N. Hinshelwood, Professor E. K. Rideal, Professor 
N. V. Sidgwick and Professor M. W. Travers. The reports of each 
panel were edited and correlated by Dr. F. Sherwood Taylor, Curator 
of the Mitseum of the History of Science, Oxford. 

The modwH section, which deals in a popular manner with 
“ Chemistiy in Everyday life,” was prepared by the Department 
of Scientific and Industrial Research, with the oo-opwation of the 
Agricultural Itosearoh (Dounctl, several Research Assodations, rntd 
a number of industrial firms. The Central Office of Information 
have assisted in the design and layout of this part of the Exhihttion, 
which relates theory to practice in such fields as Agriculture 
and Food, Health, Homes and Building, Fuels, Oil, Transpfnt and 
Engineering. An interesting and popular commentary on this 
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part of the exhibition has been written by Dr, J. P. Lawrie and this 
forms the second part of the handbook. 

It is difficult in the compass of this article to do justice to the 
numerous exhibits, but in the following paragraphs some indication 
is given of the contents of each section. 

The. Properties of Oase^s , — The historical section of the Exhibition 
begins, appropriately enough, with some of the apparatus used by 
Thomas Graham, first President of the Chemical Society, in his 
researches which preceded the enunciation of the laws governing the 
diffusion of gases. This leads to a series of exhibits illustrating the 
discovery of the rare gases, which is traced back to Cavendish’s 
experiment, carried out in 1785, by which he showed that air con- 
tained one-eightyfifth part by volume of a gas which could not be 
made to combine with oxygen, or nitrogen, when electric sparks 
were passed through it. A number of the original spectrum tubes 
and apparatus are shown, and the visitor may compare the colours 
given out by pressing a button which lights a series of discharge 
tube^ each , containing one of the rare gases, liamaay and Whytlaw- 
Gray’s microbalance, with which the atomic weight of helium was 
determined by weighing less than one cubic millimetre of the gas, 
is a fascinating example of detailed painstaking experimental 
work. Included also in this section are examples illustrating the 
development of the liquefaction of gases. Some of Farikiay’s 
apparatus and specimens, kindly lent by the Royal Institution, are 
shown. 

The Solid State . — In this section is to be found a series of exhibits 
to illustrate the development of theories in crystallography and 
something of the apparatus used by the pioneers. One of the most 
interesting is a series of letters between Sir William and Sir Lawrence 
Bragg describing developments in X-ray crystal analysis. A 
comprehensive collection of crystal structure models of both €Msrly 
and later work is shown. 

ColUHd Science amd Surface Chemiatry . — The development is 
traced back to Faraday and to Graham. Gold films prepared by 
Faraday are shown, and the Dialysis Bowl of Graham is a reminder 
of the simple nature of the apparatus in use a century ago. Tyn- 
dall’s investigations of the scattering of light by colloidal suspmtsions 
and his original “Blue-Sky ” tube are sliown, together with his 
broth solutions sealed over sixty years ago during his studies on 
putrefaction by air-borne bacteria. 

lAqmde and Solutiona , — Graham was the {lioneer M thk 
also and his work is Uhistrated by his l^uki diffioaion oeHs. The 
eiectrolysis i^paratus and standard cell of Faraday are also showm 
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Among the exhibita on the application of theory mention may 
be made of the beautiful collootion of early electrotypes and the 
interesting series of exhibits on metallic corrosion. 

Chemical Reactiona . — This section, which opens with Cavendish’s 
Eudiometer lent by the University of Manchester, and the apparatus 
with which Faraday observed, and made use of, the cataljiiic effect 
of platinum, is brought up to date with demonstrations of the more 
mo<lern work on chain reactions, polymerisation processes, etc,, 
leading to the formation of polythene and other plastics. Of 
particular interest is a small section exhibiting terylene, the prom- 
ising new British synthetic fibre. An interesting exhibit is made 
of the liistory of photography, which is traced from Fox Talbot to 
the cyanine dyes, while a fine series of Dixon’s flame photographs 
are also included. 

Vakncy and Atomic Structure . — The British contributions in 
this field are illustrated by, among other items, Newland’s Table 
of the Elements, Moseley’s Apparatus, Bohr-Rutherford atomic 
models, and specimens of organo-metallic derivatives prepared by 
Sir Eilward Frankland and Sir Oilbert Morgan. 

Inorganic Chemistry . — It is in this direction that the Chemicsd 
Industry was first developed in this country and exhibits include 
the production of alum, the extraction and refining of precious 
metals, the production of nickel and glass, and the application of 
fluorescent substances to lighting, dyestuffs and other problems. 
On the side of pure research, some a]>paratu8 and manuscripts of 
John Dalton are on view, together with original preparations of 
Crookes’ tliallium compounds and speciinens illustrating the work 
of Roscoe on vanadium. A small exhibit also deals with metallurgy, 
from Faraday^ steels to the development of stainless steel cutlery, 
while the pioneer work of Lawes and Gilbert in agricultural chemistry 
is also illustrated. 

Organic Chemistry.-— Tho work of the organic chemist is repre- 
sented by a variety of models, apparatus, and specimens to illustrate 
the vast growth of knowledge of this subject over the past hundred 
years. Space forbids an adequate description of this important 
Beotion, but structural theories, carbohydrates, oils and fats, hor- 
mones, alkaloids and vitamins, synthetic drugs and ch^othera- 
peutio agents are all well represented by means of charts describing 
the chemistry involved and showing samples of some of the first 
preparations made. An attractive display is made of the wide 
variety of dyestuff devdktped in this country, from Perkin’s 
“mauve” to oaodem work on the phthedooyanines. 

Afudytidal Methods.— Tkt historical section concludes with a 
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short display of those analytical methods largely developed in 
Britain. Among those included are gas and water analysis, hydro- 
metry, Marsh’s test for arsenic, and records illustrating the analytical 
applications of speotrography. 

Chemistry in Everyday Life. — This part of the exhibition is de- 
signed to show the many ramifications of chemistry in our daily 
life. As an introduction, something is shown of the raw mate- 
rials with wliioh the chemist works. The inorganic materials 
and minerals in limited supply are compared to capital. Organic 
materials derived from plants and animals arc the income with 
which the chemist has to work. 

A series of illuminated screens illustrate the operations and 
processes by which the raw materials of the laboratory are turned 
into finished products. The visitor is directed through various 
sub-sections dealing with the main headings under which chemistry 
affects us ail. Our food requires fertilisers and vitamins. Our 
health is protected by drugs, DDT, penicillin, sewage control, to 
select a few random examples. The impact of chemistry on 
building, on fuels, and on transport will be common knowledge 
to the chemist. But the public will find much to interest them in 
the exhibits on textiles, plastics, paint, lubricating oils and metal- 
lurgy, to name but a few of the more obvious. 

Miscellanea 

The honours list published on the occasion of H.M. the King’s 
birthday included the following : Baron : Sir Roy Lister Robinson, 
chairman of the Forestry Commission. C.H. : J. W. Robertson 
Scott, author, founder, and until recently editor of The CoutUry- 
man. D.B.E. : Miss Caroline Haslett. Knights : Dr. W. N. East, 
for services to the study of criminal psychology ; R. R. Enfield, 
chief economic adviser, Mnistry of Agriculture and Fisheries ; 
Prof. D. D. Henderson, professor of psychiatry. University of 
Edinburgh ; Prof. E. L. Keimaway, lately director of the Ohestw 
Beatty Research Institute, Royal Cancer Hospital, London ; 
Dr. A. McCanoe, deputy chairman and joint managing director of 
Messrs. Colville’s, Ltd., Glasgow. C.B, : Dr. E. T. Paris, principal 
director of scientifio research (defence), Ministry of Supply. 0.8.1. : 

V . K. Maitland, chief oomervator of forests, Central Provinces and 
Berar. C.M.O. : R. W. Thornton, agricultural adviser to the High 
Commissioner for Basutoland, the Beohuanaland Protectorate and 
Swaziland ; R. Watson, director of agriculture, Burma. CJ.S. : 

W. G. Dyson, chief conservator of forests, Madras. O.B.S. : 
J. E. C. Bailey, managing director of Baird A Tatlook, Ltd. ; G. L. 
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Brown, of the National Institute for Medical Besearoh, Londdn ; 
0. F. Brown, assistant seoretiuy. Department of Scientific and 
Industrial Research ; N. S. Clouston, lately commissioner of Ittnds 
and director of surreys, Nigeria ; R. R. Glanville, director of agri- 
culture, Sierra Leone ; Dr. J. A. Gunn, director of the Nuffield 
Institute for Medical Research, University of Oxford ; H. L. Kirke, 
head of the Research Department, B.B.C. ; Prof. T. D. J. Leech, 
dean of the Faculty of Engineering, Auckland University College ; 
J. R. Lumsden, chairman of directors, Highland and Agricultural 
Society of Scotland ; Prof. J. A. Prescott, director of the Waite 
Agricultural Research Institute and chief of the Division of Sods, 
Council for Scientific and Industrial Research, Australia ; F. A. 
Secrett, technical adviser on vegetable production, Ministry of 
Agriculture ; J. M. Wordie, for services to exploration in the 
Antarctic. 

Mr. C. R. Attlee has been elected a fellow of the Royal Society 
under the Statute which provides for the election of persons who 
either have rendered conspicuous service to the cause of science or 
are such that their election would be of signal benefit to the Society. 

The following have been elected foreign members of the Royal 
Society : Dr. E. J. Cartan, professor of geometry in the University 
of Paris and member of the Paris Academy of Sciences ; Prof. P. 
Kajrrer, professor of chemistry in the University of Zurich ; Prof. 
H. G. Urey, professor of chemistry and director of the Institute for 
Nuclear Studies, University of OWcago ; Dr. Ojvind Winge, of the 
Oarlsberg Laboratory, Copenhagen. 

Mr. J. Davidson Pratt, director and secretary of the Association 
of British Chemical Manufacturers, has been awarded by the 
Ammoan Government the Medal of Freedom with silver palms for 
his oo-operation with the United States while Controller of Chemical 
Defence Development at the Ministry of Supply during 1940-45. 

Sir Alexander Fleming and Sir Howard Florey have each been 
awarded the Gold Modal of the Royal Society of Medicine for their 
wxnrk 6n penicfilin. 

The Council the Institution of Civil Engineers has awarded 
the James Alfred Ewing Medal for 1946 to Sir Clifford Paterson, 
direotot of the Research Laboratories of the General Electric Co., 
Ltd., Wembley, for his outstanding contributions to the science of 
engineering in the field of research. 


3c 
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Otiher medals awarded include : the Albert Medal of the Royal 
Society of Arts to Sir Robert Robinson, P.R.S. ; the Redwood Medal 
of the Institute of Petroleum to H. S. Gibson, of the Anglo-Iranian 
Oil Co., Ltd., Abadan ; and thosti of the Royal Aeronautical Society 
— Snuns Gold Medal : to Prof. L. Aitchison, professor of industrial 
metallurgy, University of Birmingham ; George Taylor (of Australia) 
Gold Medal : to Prof. A. R. CJollar, Sir George White professor of 
aeronautical engineering, University of Bristol ; Wakefield Gold 
Medal : to Edwin Link, inventor of the “ Link trainer ” ; Society’s 
Silver Medal ; to W. G. Carter, chief designer, Gloster Aircraft 
Co., Ltd. 

Mr. P. Brundrett, C.B., has been appointed chief of the Royal 
Naval Scientific Service in succession to Sir Charles Wright. 

Dr. P. N. Woodward, at present director of the Scottish Seaweed 
Research Association, has been lent to the Department of Scientific 
and Industrial Research for appointment as director of the United 
Kingdom Scientific Mission in the British Commonwealth Scientific 
Office in Washington ; he will also act as attach^ for soientifio 
questions to the Britisii Embassy in Washington. 

The United Kingdom Government has agreed to loan the senrioes 
of Mr. A. F. Rowe for one year to the Australian Government for the 
purpose of establishing a Defence Scientific Advisory Committee. 

Dr. D. W. liOgan has been appointed to succeed Mr. H. daughUm 
next year as principal of the University of London. 

We have noted with great regret the announcements of the death 
of the following soientifio workers during the past quarter : Mr. B. 
Hilton Barrett, lecturer in geology in the University of Glasgow ; 
Sir Thomas Holland, P.R.S., geologist, principal and vioe-ohanoellor 
of the University of Edinburgh during 1929-44 ; Sir Prederick 
Gowland Hopkins, P,R.S. ; Prof. G. E. M. Jaunoey, professor of 
physics at Washington University ; Prof. H. S. Jennings, emeritus 
professor of zoolo^ in Johns Hopkins University ; P^. 0. A. 
Kofeid, emeritus profe88<n' oi zoology in the University of California ; 
Dr. D. E. I^a, reader in radiobiology in the University of Cambridge ; 
Prof, G. Matthai, emeritus professor of zoology in the University 
of the Punjab ; Prof. N. Morris, regius professor of materia medica 
and therapeutics in the University of Glasgow ; Dr. W. H. Osgood, 
emeritus curator of zoology in the Field Museum of Natural History ; 
Ih. J. Parkinson, geologist ; Dr. Leopold von Portheim, formerly 
director of the Biological Research Institute of the Aoademy of 
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Soiraioe in Vienna ; Prof. W. Rogowaki, profesaor of electroteolmics 
at the Technical High School, Aachen ; Prof. A. P. Bernard Shaw, 
professor of pathology in the University of Durham ; Prof. A. W. 
Stewart, formerly professor of chemistry in Queen’s University, 
Belfast ; Sir Almroth Wright, F.R.S. 

The Astronomer Royal has given an authoritative account of 
the history of the discovery of the planet Neptune in a little mono- 
graph published by the Cambridge University Press (John Coueh 
Adams and the Discovery of Neptune, pp. 43, with frontispiece and 
facsimiles of two of Adams’ memoran^. Price 2s. net.). 

Adams first resolved to tackle this problem on July 3, 1841, for 
a memorandum, bearing that date, found among his papers after 
his death read as follows : “ Formed a design ... of investigating, 
as soon as possible after taking my degree, the irregularities in the 
motion of Uranus, which are yet unaccounted for ; in order to find 
whether they may be attributed to the action of an undiscovered 
planet beyond it. . . .” Another {> 088 ibie cause was that the law 
of gravitation might not hold exactly at great distances, and it was 
Adams’ failure to answer an enquiry from Airy bearing on this point 
that led Airy to ignore a sununary of Adams’ work which the latter 
sent to him. In fact Adams completed his calculation in the long 
vacation of the year 1846, and in September gave Challis a paper 
in which the elements of the planet, its mass and its position on 
October 1, 1846, had been worked out. This calculated position 
was within 2° of the actual position on that date and a careful 
seardi, which Challis might have made, would have led to the 
discovery of the planet. Le Verrier, at the instigation of Arago, 
started work on the problem in the summer of 1846 and, in a paper 
presented to the French Academy in June 1846, concluded that the 
irregularities in the motion of Uranus must be due to another 
planet, whose position at the beginning of the year 1 847 he calculated. 
Now oonvinijed that the planet must exist. Airy gave Challis direc- 
tions for carrying out a search with the Northumberland telescope 
in the Observatory at Cambridge. Challis made the search in a 
very perfunctory manner in late Jiily and early August 1846, and 
fiuled to recognise it. Meanwhile, Le Verrier had written to Galle, 
the Astronomer at the Beriin Observatory, and the latter, assisted 
by D’Arrest, a keen voluntary worker in the Observatosy, dis- 
covered the planet on September 23, 1846. There are many points 
of mterest in the story told by the Astronomer Royal, who concludes 
his most interestiDg monograph with an account of the squabble 
over the nanm of the planet. 
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The U.S. Bureau of Standards published in the Journal of 
Beaeareh for January, 1947, a paper called the " Properties of 
Water-Repellent Fabrics,” by John W. Rowen and Domeniok 
Gagliardi. The paper reviews past work and attempts to put this 
rather vague subject on a fully scientific basis. 

Confusion has arisen in the past between the terras “ water- 
proof ” and “ water-repellent ” as applied to garments. A water- 
proof material is defined as a fabric in which the open spaces between 
the fibres have been completely filled, resulting in a continuous 
surface, with consequent negligible air permeability. A water- 
repellent material, on the other hand, has nOt had the pores filled, 
although the surface has usually been treated. Thus the latter 
material, with which this paper deals, is permeable to air and water 
vapour, resulting in far greater comfort to the wearer. The extent 
to which such a material can resist wetting depends mainly on the 
chemical treatment of the surface, its roughness and porosity, and 
also upon the possible presence of impurities on the surface. 

The various shapes that a drop of water will {issume when placed 
on different surfaces have a great bearing on this subject. If the angle 
of contact is large (greater than 90°) the drop approximates to a 
sphere and wiU not easily wet the surface. When the angle of 
contact is small (less than 00°) the drop tends to spread over the 
surface and wet it. An expression is calculated in the paper for 
the “ Work of Adhesion ” m terms of the surface tension and the 
angle of contact, and it is shown that, as the angle of contact in- 
creases, the work of adhesion decreases, and consequently the 
ability of the liquid to wet the surface also decreases. This theory 
was extended to take into account the size and spacing (d the 
fibres in an actual fabric. 

Untreated fibres ate usually easily wetted and to make them 
water-repellent they must be treated with compounds mainly con- 
sisting of waxes, petroleum-like molecules and soaps of polyvalent 
metals. ^ 

After due consideration of the variables involved, it m%ht be 
thought possible to write down a prescription for the optimum 
conditions, choosing a suitable fabric and treating it to give a high 
angle of contact to drops of water. Unfortunately this has hot 
been tried , as the present methods of treating fabrics do not guaiantee 
a comifiete coating to every fibre. Many of the intertwined fibres 
are toft uncoated and tlm resistance to wetting is acoordin^y , 
reduced. 

Many different methods of testing fabrics have been devised ; 
in fact, there are almost as many methods as f^eie are labcuratories 
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working on the Bubjeot. It is rather sarpming that no correlation 
appears to have been attempted between the reeults of laboratoiy 
tests and the performanoef of the fabrics in the rain, and also that the 
effect of temperature has not been considered in many of the 
methods. 

The methods of testing the fikbrics fall into four main classes : 
the measurement of the pressure required to force water through 
the fabric, the wetting and penetration by falling drops, the absorp- 
tion of water and lastly the measurement of the angle of contact. 
No one method is alone sufEcient to test all the properties of a fabric 
and a combination of methods is required. The drop-penetration 
method is particularly useful in predicting the relative performances 
of different fabrics, showing up differences not revealed by other 
tests. The paper includes the results obtained when these tests 
were made, by the authors of the paper, on eleven different raincoat 
fabrics and four fabrics used by the army. 

In the drop-penetration method already mentioned, the time 
to collect 10 ml. of water passing through the particular specimen 
is measured. This method has bqen modified and instead the rate 
of penetration is measured and plotted against time. The curves 
obtained for different fabrics all show the same features and are 
particularly characteristic of this type of material. They each 
have an initial induction period, followed by an y‘-shai)ed portion 
where the rate of j)enetration increases to a final steady value. They 
point the way to future improvements, the objects being to make 
the initial induction period as long and the final rate of penetration 
as small as possible. Tliis was achieved to a large extent by the 
American Army during the war when they developed tlie Shirley 
type of cloth. 

The paper deals finallj'^ with the effects that cleaning and launder- 
ing have upon fabrics, and a table of results is included in the paper. 
The extent by which the water-repellent properties of a material 
are reduced indicates its durability. This reduction is mainly 
attributed to the leaching of the chemicals with which the fibres 
have been treated, to residual soap left in the fibres and also to 
distortion of the fabric structure. 

The first part of the Journal of Mtsearch for February 1947 is 
devoted to three papers on the concentration of the isotopes of 
potassium and also of chlorine by means of the countercurrent 
electro-migration method. The papers deal fully with the theo- 
retical as well as the practical aspects of the subject. 

Lsotopes ore atouss of an i^ement which have different atomic 
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masses, but the same ohemicsi properties. This method for their 
separation depends upon the slightly different mobilities that their 
ions have in an electrolyte formed by dissoMng one of their chemical 
compounds in water. By setting up a steady flow of the electrolyte 
through a packed column in a direction opposed to the flow of the 
isotopic ions and at a rate lying l)etween the velocities of these ions, 
the ions are separated. Thus in the case of potassium the faster 
ions make headway against the flow of the electrolyte, whilst 
the slightly slower ions are carried back. This results in a 
concentration of being built up in the cathode compartment. 
The anode compartment is provided with a spillway to maintain a 
constant level in the system. 

The method might be compared to a possible way of sorting 
out strong and weak swimmers by making them swim against a 
tide of such a strength that the strong swimmers would travel 
forward with respect to the land, while the weak swimmers would 
lose ground. 

The successful use of this method depends upon the establishment 
of a local as well as an overall balance between the flow of electrolyte 
in one direction and the flow of ions in the opposite direction. To 
reach such a balance it is necessary to C/Onduct the electrolysis 
through a packing of uniform porosity or through a capillary tube. 
By this means it is [mssible to reduce the remixing and back dif- 
fusion in the cell. It is also necwisary to set very fine limits on the 
allowable variations in the porosity of the packing, the temperature 
across the packing (temperature variations would cause convection 
currents), the potential across the packing and also in the stream 
flow. Packings made of fine sand proved to be superior to those 
made of sintered glass, glass wool, asbestos or glass capillary tubes. 

To maintain the strength of the electrolyte at a constant value, 
it is necessary to add reagents at the anode and cathode during 
the process. Using potassium sulphate as the electrolyte for th6 
separation of the potassium isotopes, sulphuric acid must be added 
at the cathode and potassium hydroxide at the anode, their con- 
centrations being adjusted to the transport numbers o[ the re- 
spective cation and anion. The electrode reactions involved are 
2K+ + H^04 = K,S04 4- H* at the cathode, and SO4 ' " -f 2KOH 
=a K4SO4 -f HjO 4 - JO* at the anode. The liquids are added by 
means of carefully prepared droppers, whose ends have been ground 
flat to ensure a constant size of drop. Methyl red is used a* an 
mdicator, the liquids being added at such a rate that the liquid 
in the electrode compartments changes colour between drops. 
The electrodes themselves consisted of platinum gauze, the potential 
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applied varying between 200 volts d.c. and 2000 volts d.o. for dif- 
ferent experimental arrangements. The cell was kept in a bath 
to avoid any sudden ohatnges in temperature. 

In this method it is necessary to maintain conditions of reflux 
balance over long periods of time, and while this can be done satib- 
factorily by manual control, an automatic system has obvious 
advantages. In potassium cells the pS. of the cathode solution 
proved to be a reliable and sensitive indication of reflux balanoe 
and the rate at which acid is added to the cathode compartment 
is an efficient means of controlling the reflux rate. The pH is 
indicated by the E.M.F. across two electrodes let into the cathode 
compartment. 'This E.M.F. is amplified and made to operate a 
valve in the acid supply line, the valve opening each time the pH 
reaches a certain value. 

As a result of a series of experiments in which there were small 
changes in conditions, it was found possible in the case of potassium 
to raise the abundance ratio N — from its mninal value 

of 14*2 to a maximum value of 24. This ratio was measured by 
means of a mass spectrometer. 

A similar method was employed by Madorsky and Straus to 
concentrate the isotopes of chlorine. The electrolyte employed 
was a solution of sodium chloride, and the operation was regulated 
by means of a stationary boundary between solutions of sodium 
hydroxide and sodium chloride. The concentration of ®®01 obtained 
was 80'7 per cent, compared to the normal value of 75-76 per cent. 
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SCUEINCE AND LIFE. By Pkoj'kssob Wixuah Wilsoji, Ph.D,, D.So. 
F.B.S. Being a Review of Science and Life in the World, Vol. 
I : Science and Civilization. The Future of Atonaic Energy ; 
Vol. XI : Traneportation — A Measurement of Civilization, 
idght , Life and Man ; Vol. Ill : A Challenge to the tVorld. 
The Georg© Weetinghouae Centennial Forum, May 16, 17 and 18, 1046. 

; [Vol. I : pp. X 152, with 11 plat(« ; Vol. 11 ; pp. x -f 236, with 12 
pl^t€;8 ; Vol. Ill : pp. x *f 198, with 28 plate©.] (New York and 
London : McGraw Hill Book Co., Inc., 1946. 12#. 6d. each volume.) 

JfUST a yeai* ago a number of Bcientists and teohnoIogiBte aseembled 
in Pittsburgh, U.S.A., to celebrate the centenary of the birth of 
the distinguished American engineer, George Westinghouse. The 
addresses delivered on that occasion have now been published, in 
three volumes, with the title Science and Life in the World. They 
constitute an illuminating commentary on the present state of 
affairs in the world. 

Every reader of these addresses must, like the present reviewer, 
1)6 impressed by the note of grave warning which runs through 
many of them ; sometimes indeed it sinks to one of deep gloom, 
and sometimes it rises just sufficiently to constitute an expression 
of faith in the future of humanity and human society. Professor 
A. V. Hill, lately Foreign Secretary and Vice-President of the Royal 
Society, who delivered the first address (on Scientific Ethics) says 
“ The time is now urgent and the world situation brooks no delay. 
The gravity of some of the statements of Professor Harold Urey, 
a distinguished chemist and Nobel Laureate, is even more impressive. 
He observes that he could tell us of the great benefits which physical 
science has brought to man, but he continues, “ I am the apostle of 
doom ’’ [the present writer’s italics]. I am still a frightened man 
and I wish you to be frightened.” (Vol. iii, p, 126.) After referring 
to the things with the aid of which mankind can be given “ a material 
and intellectual existence on a level that has never before been 
known,” he adds, “ we have brought this civilisation to the very 
brink of a precipice.” These are, of course, no foolishly alarmist 
statements. The evidence for the state of affairs which has evoked 
them stores every one in the face. 

Dr. Bowman, of Johns Hopkins University, in an address on the 
Social Composition of Scientific Power, perhaps the finest of them 
all, says, “ We are at this appalling juncture to-day in a world 
afflicted with a high fever of unrest.” Professor Oppenheimert 
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Speaking about “A Future for Atomic Weapons,” is careful to 
supplement his remarks by the sentence, “ If any great note of 
confidence or gaiety has invested these brief words, it would be- a 
distortion of the spirit in which I should have wished to speak to 
you.” IVofessor Fermi, whom we in England regard as one of the 
most outstanding men of science of the present time, refers, in his 
address on “ Atomic Energy for Power,” to the ” relatively short 
time that will elapse before the ‘ secrets ’ will naturally become 
open knowledge ...” 

It is impossible, in the space which can reasonably be placed 
at a reviewer’s disposal, to do full justice to the many addressee 
delivered at the Centennial Forum ; but the following addresses 
should be noted, in addition to those already mentioned, as of special 
interest and instructiveness ; ” Nuclear Science in Chemistry,” by 
Dr. H. 8. Taylor of Princeton ; ‘‘ Ships and Shipping,” by Vice- 
Admiral E. S. Land ; “ The Microbe, Friend and Enemy of Man,” 
by Dr. S. A. Waksman ; “ The Golden Age of the Future,” by 
Mr. A. W. Robertson ; and “ Scientific Progress,” by Dr. Karl 
Compton. 

Some of the addresses are of outstanding value and it is desirable 
that they should be widely read. No apology need be made for 
giving more quotations from them. Professor A, V. Hill says : 
“ The truest form of realism to-day is to recognise that human well- 
being, indeed the continued existence of human society, and any 
hope at all of reaching the promised land of healthy, orderly develop- 
ment, depend far more on improvements of morality, honesty, 
tolerance, reasonableness and good faith than on inventions or 
organisation.” He hopes that a Hippocratic Oath may be adopted 
or that “ ethical behaviour in science may just come to be accepted 
as an honourable obligation as unbreakable as that of accuracy 
and integrity.” Dr. Bowman describes in a few sentences the two 
extremes in political and social outlook, that of America on the one 
hand and that of Soviet Russia on the other : “ We think that the 
ultimate loyalties of men are best called out by a system of free 
enterprise. The Soviet Union believes in a contrary view, and we 
ask whether the cry of ’ encirolemmit ’ therefore is an artificial one 
in the designs of the Soviet leaders, who thus prolong among their 
people the fear of war t ” and he makes the further very striking 
observation which our politicians, of both parties, here in England, 
might profitably study : “ At a stroke the lessons of man’s long 
creative experiment in social living are by-passed by stigmatising 
them as the record of capitalism, a charge that some find easy to 
bdieve beoause something is wrong . . Then he sdmini8t«» a 
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sharp oorre<jtion to the thorlghtlessly optimistic enthnsiMts who 
are going to cure the world with science : “ Clearly civilisation 
means something that science can support and amplify, but, 
equally dearly [the present writer’s italics] science played but a 
small part in what was once an acceptable civilisation . ’ ’ Civilisation 
“ does not mean blind power, fortified by science, or power cunningly 
contrived to keep men bound to a system of work and government 
that makes the individual the 8ul>8ervient tool of a small group 
at the top.” 

Amid the laudatory references to the inventive genius of George 
Westinghouse and glowing descriptions of the future applications 
of science and technology — in which transport, in its various forms, 
and the utilisation of atomic energy are prominent — there is a clear 
recognition — as indeed one might expect in the land of Ralph 
Waldo -Emerson and David Thoreau—that civilisation is not merely 
an affair of machines, that certain values, already appreciated in 
ancient Hellas, are even more important in a good civilisation. 
Indeed, it may be said that the greatest value of science itself lies 
quite outside its sphere of practical application — ^great as its benefi- 
cence can be, when rightly applied, with Dr. Hill’s Hippocratic 
spirit. The study of science and the pursuit of scientific enquiry 
have a value in themselves that is not inferior to that which is 
associated with their beneficent application. “ False indeed,” writes 
Dr. John Baker,* ” is the idea that things can only attract the study 
of human beings if they are of immediate material use.” To quote 
Dr. Bowman once more : ” The major achievements of science have 
in them the stuff of poetry,” 

Meanwhile, the cloud, which overshadowed the Forum, over- 
shadow's the “ civilised ” world and the urgent question for us is. 
What can we do now and in the immediate future T We are 
confronted with an emergency which probably will not wait till the 
general ethical level of humanity rises to that of a universal 
Hippocratic oath. There seems to be no solution that is universally 
acceptable. We shall just have to make the best of common sense. 
As Vice-Admiral Land puts it, in a concluding sentence of his 
address : “ The Atomic Age will not dispense with ‘ horse sense.’ ” 

• The Scientific. Life, p. 106 (George Alien A Unwin). 
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Axi Indeat of Mathematical Tables. By A. Flstchsb/ M.A., Ph.D., 
J. C. P. MiiiLKR, M.A., Ph.D., and L. Rosknhbad, Ph.D., D.Sc. (Pp. 
viii -h 451.] (London : Soientifio Computing Service, Ltd., 1046, 
758, net.) 

This book provides a detailed and systematic list of references to mathematical 
tables. In defining the domain of tables to be covered by tliis index the 
authors have deliberately omitted specialised tables in the theory of numbers 
and groups, certain statistical tables and most physical, geophysical and 
astronomical tables. Further, tables which are only of historical interest 
as well as those only of limited interest have been excluded. Some 2000 items 
have qualified for inclusion out of a total of some 3000 references actually 
compiled. 

The book is arranged in two parts, viz. a subject index (Part I) and a 
bibliography (Part II). In the former all tables are classified according to 
the ftmction tabulated, irrespective of the place of publication. For instance, 
the tabulation of sin x given in Table VIII of the Standard Four Figure 
Tables (by Milne Thomson and Comrio) is listed in “ Section ** 7 (Natural 
Trigonometrical Functions, Miscellaneous functions connected with the circle 
and the sphere) whore it occurs in ** Article ” 7.41 (Sin a?. Degrees, Miniites, 
etc.), whilst that of log sin x, which in the “ Standard Four Figure Tables ** is 
given alongside with sin x, is listed in section 8 (Logaritlims of Trigonometrical 
Functions) where it occurs in the corresponding article 8.41 (Log Sin «, Degrees, 
Minutes, etc.), and the table of erf(a;) from the same book of tables is listed 
in Section 15 (The Error Integral, etc.), under article 15.211 which is headed 

H(») 2»-J J* exp. ( - <»)*. 

Here it is joined with all other references concerning this particular function, 
starting with Burgess 20 decjimal table of H(a5) and ending with references 
to various journals and books of tables where 4 -decimal values of this function 
are given, 

Theie ore 24 main sections, each dealing with a class of Jfiinctions 
afkd each comprising a varying number of articles arranged in a logical decimal 
notation, whilst each of the articles is concerned with a particular llinction. 
An index to Part I guides the reader fbom the name of the function or 
the type of mathematioed formula for which he requires a table to the 
appre^jEsriate article. Should he be unable to find here the required decimal 
accuracy or argument of the functiem, ho will note in neighbouring articles 
reibrenoes to related functions to which his problem might be transformed ; 
there are also excellent cross-references to other sections, based often on a 
thorongh mathematical study of the tables. 

Each reference occupies only one or two lines, and, with the heAp of a«i 
admifable short-cut notation, information is given on : IDecimal accuracy* 
range of argiunent, method of interpolation for which provision is made 
(s,g, the differenoes tabulated), brief references to errors and to places ' 
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corrections might be found and, finally, the link with the bibliographical 
reference is made by quoting the author’s name and the date of publication. 
This must then be looked up in the alphabetical bibliography of Part II, 
where the complete reference to book or journal will be found. This Part II 
of the index can, of course, be used independently as an authors^ index. 

Thus the user will find his way quickly to tho appropriate reference. The 
only disadvantage of this arrangement is that it does not provide a list of 
contents of any book of tables* a disadvantage that might have been overcome 
by back-references from Part II to Part I. 

The thoroughness of this exacting, gigantic task of compilation and the 
high standard of presentation have resulted in a book of reference that should 
be indispensable to all concerned with numerical mathematics. For tho 
research worker who does not realise that the funcJtion ho requires has already 
b< 3 en tabulated in some obscure journal, this index may save months of 
drudgery ; for the exf>ort who is vexed by tho variety of notation used by 
mathematicians it will act as an infallible interpreter. 

We are confident that the authors and publisher will deal with tho difficult 
task of keeping this index up to date in times to come. 



H. O. Hartley. 

troduction to Mathematical Statiatios. By Paul G. Hoel, 
[Pp. X + 268, with 36 figures.] (Now York : John Wiley &, Sons, 
Inc. ; London : Chapman k Hall, Ltd., 1947. 2U. net.) 


This is an attractively produced, welhprintwl text-book. It is more or» 
less of the usual American type, but there are several inbiresting innovations. 
The most interesting of thew^ is the use ah initio of moment generating 
functions. This is a novel feature in a text-book of this standard. Its 
appeeuanoe draws attention to on important question in tho teaching of the 
theory of mathematical statistics. Should moment gimerating fimotions be 
used in elementary distribution theory, or should their application be deferred 
until the mathematics behind them is more fully understood by the student T 
The author’s work provides an offec'.tive argumtmt in favour of the first of 
these two opinions. Some may still consider moment generating functions 
too sophisticated to be introduced at such an early stage. It is indeed an 
interesting question, with its roots in the history of the subject reaching back 
to Laplace, and should repay close study. 

The other innovations ore more natural developments. They consist of 
simplified accounts of more recent results of statistical theory than have 
been included heretofore in text-books of this type. Buns, non^patfametrio 
tests, and sequential sampling are among special topics receiving brief con- 
sideration. Incidentally, the term non-parametric,** althougli sanctioned 
increasingly by usage, seems to be a misnomer. Non^parametrio tests aw 
essentially independent of the form of distribution function, but only 
accidentally independent of population parasneters. 

The toatmmt of the special topics, though brief, is in most instances 
both lucid and interesting. An unfortunate, but important, exception is the 
theory of testing hypotheses. The author states that he has found it expediexkt 
to leave this subject till the end of the book, though logically it should Appear 
much earlw. As a result much of the necessary development is spread out 
amemg various chapters of the book^ leading to a certain patchiOew ai^ 
lack of coherency. 
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There is, indeed, a regrettable reluotanoe to deal with the fandammtal 
problems of statistical mferenoe. These are, adnuttedly, not easy, but they 
are of praotioal, as well as theoretical, importance. A noteworthy instance 
of this neglect of fundamentals occurs in the introduction of probability 
theory. This takes the form of a summary of results assumed to have been 
acquired in college algebra The problems involved in the use of 
probability theory in mathematical statistics receive scant attention. 

The al>senco of discussion of those points is the more unfortunate as it 
greatly reduces the value of the book to the private student. In other 
particularly in regard to the provision of numerous exercises to bo 
worked by the student, the b(M>k is well suited for private study. 

N. L. J. 


The Theory of Functions of Real Variables. By Lawesnob M. 

Gkavbs. [Pp. X -f 3(K), with 12 figures.] (Now York and London : 

McOrawvHill Book Company, Inc., 1946. 20«. net.) 

Th® most obvious difference between Newton's calculus and what our under- 
graduates loam today is in the standard of rigour, which the nineteenth- 
century theories of irrational numbers and limits made ^^ossible. But over a 
large field in the theory of fimotions more fundamental changes have occurred, 
associated with the names of Borel and Lel>esguo ; their effects are comparable 
with those brought about in arithmetic by the introduction of irrational 
numbers. It is arguable that the inspiration of the French school derives 
firom Cantor, and tliat the new outlook in the theory of functions has carried 
it to an imaginative plane where the theory of sets is indispensable. There 
is, on the other hand, a flourishing opposition to Oantorism and also an 
understandable desire, on the port of those interested in Lebosguo integration 
as a tool, to get along with as little theory of sots as possible. 

One of the aims of this book is to expound the Lobosgue integral so that 
the important convergence theorems can be proved with the aid of a rudi- 
mentary theory of sets and of measure ; in this the author follows F. Eiesz. 
The method, in brief, is to admit nuU sets and to define the Lebesgue integral 
of a fiinotion, if it is the lim it almost everywhere of a sequence of step functions, 
as the limit of the Biemann integrals of the step functions. Meetsurability of 
a set is then identified with the integrability of its oharacteristic function. 
Those accustomed to the Lebesgue or Caratheodory methods will know that, 
in virtue of Lusin's theorem, there is no loss of generality in this approach, 
but there may be loss of something more important, at least to the post- 
graduate beginner, namely an understanding of why the Lebesgue integral is 
superior, and wliat its place is in the larger scheme of analysis made possible 
by Cantor. Teachers who make the study of Lebesgue measure and integra- 
tion also the occasion for a deeper study of sets may consider the treatment of 
sets in this book to be too sketchy and to leave too much, in the realm of 
subtle ideas, not technique, to the reader. 

In addition to the theory of the Lebesgue intograli which occupies about 
one4hird of the book, there is a chapter on Stleltjes integrals, including a 
proof of Btesa's remarkable theorem on the form of a linear functional in the 
apace of continuous functions. The choice of the remaining matmal fcdlows 
no obvious {dan. An interesting chapter develops the real numbem £h»ii 
Feano*s aBioms to the Dedekind section. Considerable spboe is given to 
proofs^ of certain elementary propositions, such as Rollers and Taylor’s 
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theorems* apparently as a counterblast to the lass rigorous texts that survive 
in the U.S*A. There is also a chapter on uniform convergence, including 
Weioratrass’s non-diflferentiable function and his theorem on polynomial 
approximation to a continuous function (Landau's proof). Other chapters 
deal, in some detail, with implicit functions and with existence theorems for 
ordinary differential equations. 

The book is everywhere readable, and it tvchieves a consistently higli 
standard of rigour and clarity. 

H. K. 


A ChapUr in the Theory of Numbere. By L. J. Mobdbxjl. [Pp. 

81.] (Cambridge : at the University Press, 1947. Is. 6d. net.) 

The subject of Professor Mordell’a inaugural k>cture at Cambridge, here 
published in booklet form, was the indeterminate equation y* a?* f kt and 
the researches associated with it. These researches, extending from the time 
of Fermat to the present day, are of great interoat and iiTiiK>rtance. Inciden- 
tally, they illustrate the fact that problems in the theory of numbers, which 
appear very similar, may requin^ entirely different methods for their treat- 
ment. Thus V. A. Lebesgue’s proof (1869) that the equation y* — + 7 

has no solution in integers is entirely elementary, whereas NagelPs enumera- 
tion of the eight solutions (with y jM^sitive) of y* - x* + 17, and his proof 
(1930) that there are no other solutions, require very muclv deej)er arguments. 

No general theorem on equations of the fonn y* -f k was known 
until the present century, whtJii it was proved that any such equation 
(with fc 4= 0) has at most a finite number of solutions in integers. This was 
one of the deductions from the profound researches of the Norwegian 
mathematician Axel Thue on rational afiproximations to algebraic numbers. 

Professor Mordell has done a real service, both to profiissional mathe- 
maticians and to all who have an interest in number-theory, by publisliing 
this lecture on a subject to which he has himself made important contributions. 
I'he exposition is clear, and the greater part of the lecture will be iptelligiblo 
to those who have no export knowledge. 

H.D. 


Appiiad Matbematioa lor Exiginaara and Phyaioiata. By Loma A. 

Pipes, Ph.D. [Pp. xiv -f 618, with 187 figures.] (N^ew York and 

London : McGraw-Hill Book Co., Ino., 1946. 27s. 6d. net.) 

MAiaajBMATiCAJU techniques of quite an advanced character have nowadays 
to be the stock-in-trade of the physicist and the engineer, and the need tor 
wider mathematical training in undergraduate and higher-degree courses in 
ph 3 mkw and engineering is now generally recognised. One of the obstacles 
to the provision of such trainmg has been the lack of a suitable text-book. 
Most available texts are either not primarily concerned with the kotual 
application of mathematical methods to technioal problems or are too 
specialised in tbeir particular field of apphoation. 

The present work is designed to meet this need and it must be said it 
does so with a considerable amount of success. The author, who is attached 
to the Eesearoh and Elaatronies Divisiem of the Hughes Aiicrafb Con^pany, , 
has, duiiag the past five years, given a course in applied mathematics at 
the Gtaduate School of Engineering of Harvard Urdveraity, and this book 
has been developed £rc^ lecture notes prepared for th&s course. 



KBVIEW8 


761 


Tha book opens with a chapter on infinite series, followed by ohaptese on 
complex numbers, Fourier series and integrals, linear algebraic equations, 
determinants and matrices, and linear differential equations with oonetaat 
ooefficientB. In the treatment of such equations the author makes extensive 
use of the Heaviside Operational calculus and the book ineludes very useful 
tables of Laplace transforms. Applications are made to the differential 
equations occurring in the theory of linear circuits, elastic vibrations of 
systems with a finite number of degrees of freedom, and elastic beams and 
columns. 

Further chapters deal with the calculus of finite differcmoea, partial dif> 
ferentiation. Gamma, Beta and Error functions, Bessel functions, Legendre 
Polynomials, Laplace’s equation, the diffusion equation, and the wave 
equation. After a very condensed chapter on vector calculus, the book 
concludes with an elementary account of functions of a complex variable and 
a chapter on non-linear oscillatory systems. 

Naturally, in a book of this scope, rigour has had to be sacrificed some- 
what, but this is comjiensated for by an adequate bibliography. 

The exposition is very lucid throughout and tlie book is produced in an 
attractive format. 

Although the specific applications of tlie nunthomatical techniques are 
more to problems of engineering tlian to those of modem physics, this book 
should prove valuable to advanced students of physics and engineering, to 
research workers in physics and to professional engineers as weU. 

E. H. S. B. 

ASTRONOMY 

Atoms, Stars and Nebulae. By L. GonuBBRO and L. H. Aixbb. 
Harvard Books on Astronomy. [Pp. vi -f 323, with frontispiece and 
150 figures.] (U.S.A. : The Blakiston Company ; London : J. So 
A. Churohill, Ltd,, 1946. 18a. net.) 

Bbabbbs of ftie senes of the Harvard Books on Astronomy will have become 
accustomed to finding in them authoritative and up-to-date accounts of 
various specialised branches of astronomy and astrophysics. There can be 
Httle doubt that stellar spectroscopy has made some of the most spectacular 
oontfibutious to these sciences, both as regards practical techniques and 
theoretical interpretation. The volume imder review is a moat suScosaful 
description of such developments, fully illustrated alike with the stellar and 
nebular spectra that have been the objects of study as with the portraits of 
astronomers who have been responsible for many outstanding discoveries. 
It should not make difficult reading for the student or for the intelligmt 
layman, while the specialist will find in it a most useful summary of currant 
ideas. 

Beghming with a description of the astronomer’s methods of measuring 
stellar distances, magnitudes, temperatures, masses and radii, and an outline 
of the interpretation of atomic and molecular spectra, the reader is takeh 
tbrotigh the various specialised subjects of the analysis of conditions in a 
normal stellar atmosphere, in variable or explosive stars, in extensive 
atmospheres or planetary nebuke surroimding stellar nuclei, and the peculiar 
ooiiditicms obtainiii^ in interetellar ipaoe — ^now known to contain highly 
stgnlficant quantities of gas and *'dust.” A final chapter deals with the 
cnicial proifiems of stellar energy generation and evolution, including of 
course a iisefbl section on the theories of Betho and Gamow. 



SOIBNOi: PBOORE88 


752 

The authoro eeem to have atruok a happy oompromiee in imparting an 
occasional light touch to their style, without wandering firom teohnieal 
accuracy. They are usually at pains to define unfamiliar terms and it is 
all the more surprising that they have not attempted a precise definition of 
the title-word “ nebulae ; application of this term to external galaxies, 
however, is strictly avoided and it should be clear that its use is restricted 
to the detectable aggregations of interstellar and oiroumstellar material. 
The rapidity with which the subject advances is underlined when one reads 
(p. 96) that “ the Zeeman splitting of lines has never been observed in stellar 
spectra ’’ — a statement which will doubtless Iw modified in a later edition. 

A. D. T. 

PHYSICS 

College Technical Physice. By Robkrt L. Wbbkb, Mahsh W. WHim, 
and Kenneth V. Manning. [Pp. x f 761, with frontispiece, 50 
portrait drawings and 428 figur<»8.] (New York and London : McGraw- 
Hill Book Co., Inc., 1947. 22«. 6d. net.) 

This book, the authors of which are all of the Pennsylvania State College, 
embraces all the main branches of physios treat txl by elementary mathe- 
matics, without the calculus. Numerous solved problems appear, stress being 
given to the insertion of all units and the proper use of significant figures. 
Both British and Metric systems of imits are employed, each chapter summary 
being followed by both discussion and numerical questions. 

One-third of the book is devoted to the basic principles of statics, dynamics 
and the fundamentols of fluid and vibratory motion ; the heat section is 
confined to those elements of the subject necessary for the heat engineer. 
The liberal use of excellent coloured plates in the section on colour clearly 
brings out, for example, the effects of mixing lights or pigments, whilst the 
practical approach to electricity and magnetism will be of genertd appeal 
to the engineer. The inclusion of chapters on meteorology, building acous- 
tics, interference, polarisation, eloctronios and nuclear physios is a welcome 
addition to the stereotyped contents of the ordinary text-book. 

On the whole, the book is designed to appeal in particular to all enginee|*i|i,l^ 
students, emphasis throughout being on the everyday applications of pities. 
Explanatory photographs of those precision instruments which are not 
usually available in the laboratory are a feature of this well -illustrated 
book. Portrait drawings of Nobel prize-winners appear as hoadpieoas to 
the fifty chapters, followed by brief biographical notes and reasons for 
awards. In conclusion, a study of the intriguiiig ** Map of Physios ** in the 
fronti^iece gives a delightful picture of how the extension of our knowledge 
of ph 3 ^ioB oame about. 

Cyhil Dopb. 

Physical Scimoe in Art and Industry. ByE. Q. RxaH4Jtp80KrB.A.r 
Ph.D., D.fic. Second edition. [Pp. xii 299, iiith 77 figures, 
ing 7 plates,] (London ; The English Universiti^ Press LMt,.1046. 
16«. net.) 

Thu scope of this interesting book oan perhaps best be given by a sumiaary 
of the chafer headings; Tie Physios of Locomotion (three cdiiq[>t^ 
vehicles, ships and aeroplanes), Communication JMi (mainly tetagtsiph 
and telephone), Pottery, Culinary Arts, On the Farm, River Hydrology, 
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Down tho Mino» In Fine Art and Arclieeology, Building Materials, Arohi* 
tectiiral Physics, Science and the Musician, Textile Physics, the Physios of 
Detection (of objects, not criminals !). As Dr. Richardson truly says, 
physicists working in one industry have often little knowledge of problems 
being solved by their colleagues in otlw industries, and this book in of value 
ill showing how frequently a tool or method deviated for one investigation 
may be used with little or no modification in quite a dilToront field. 

For proper undorstanding of the contents of this book, a krowlodgo of 
physics to Intennediate standard or beyond is really ntx^<j.ssary, but n^adors 
without this knowledge could still, with some judicious skipping, nvtd the 
book with iritere^st and profit. Tho last chapt/cr has boon re-writtcii for this 
e<lition and could, w ith advantage, be expanded in tho next. Tho fow slips 
and inaccurocios whieli retnain are too trivial to be listed here. Tho book is 
well printed and tho prieo is reasonable by present standards. 

F. A. V. 

Dia Geschlchte der Atombombe (Tiie History of tho Atom Bomb). 
By Hans THirutiNO. [Pp. 160, with 17 figures.] (Vienna : Nouos 
OsteiToioh ” Zoitungs- and Verlagsgosollschaft m.b.H., 1940.) 

POBUC interest in atomic energy demands popular expositions of tliis subject 
in all countries and in all languages, mid the book hero under review has boon 
written in Austria by a wc?ll -known thoorotical physicist. Its first part, 
covering roughly half tho book, servos to bring tho general rcxider up t o the 
state of knowledge prior to the discovery of fission. 

Ho succeeds in keeping his language simple and attractive ami should bo 
within the reach of the intalligont layman. One drawback of this introduction 
is that it is entirely restricted to facts, without explaining tho mothewis of 
investigation by means of which the ' facts have l>een oscertainetl. This 
will leave the non-export reader with a feeling of unreality and sptxjulation.. 

Of the second part, the first tliroe chapters deal with the discovery of 
fission and its propertic«, Tho progress os here doscribod is more logical 
than was the cose hist<^rioally. Tlie author doduen^s the 0 xi 8 U)nco of’ secondary 
neutrons from on o priori argximent which is not too sound. Next, the 
problem of realising an atomic cliaia reaction is discussod, witli ite difficulties. 

Chapter 32 is of particular interest to readers in this country, m it contains 
the author’s views of the reasons why tho Gorman project was so utterly 
unsuccessful. Amongst tho reasons he quotes is the infiuenoo of Nazi 
“ scientists ** opposed to modem physios, the loss of outatanding soientiste 
who had left the country, and the fact .that of tlie remaining men of science 
some did not wish to see atomic bombs in the liands of the Nazi loaders, 
others at least were half-hearted about it. Added to those facts was tho lack 
of resources, which probably would have prevented a project on anything like 
the Ainerioan soa^le, even if more progress had been made in tho early stages. 

Ohaptei's 88 to 3S give the history of the Anuerican project, following 
elo 0 <^ the Smyth Report, from which the information has evidently been 
taken* Where the account deviates &om the Smyth Report, as, for example, 
in Chapter 39 on the New Mexico test, the description beoomos picturesque 
rather than accurate. 

|n a brief chapter on the explosions in Japan the question of tlie moral 
justification of the atoinie bombings is raised* A point made in this con- 
peqtion is of interest, namely that the bombs saved lives not merely by making 

3d 
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an invasion of Japan unnecessary, but also by shortening the war and thus 
advancing the tiftte when resources became available to deal with the food 
problems in Europe and to start the fight against starvation there. After 
pointing out that the “ secret ** of the atomic bomb is no single secret, but a 
general body of experience, the book 4iums to the hypothetical possibility of 
a super atom bomb in which douteriiirn is heated to a temperature at which a 
nuclear reaction starts spontaneously. Of atomic power for peaceful purposes 
the author is somewhat sceptical. He makes with particular emphasis the 
point tlwat water power will not bo obsolete in the foreseeable future. The 
last cliapter deals with intt^rnational control, on wliich the author’s views 
agree closely with those hold by scientists in many other coim tries. 

While evidently writton for the non*ox|)ert reader in Austria, the book is 
well worth reading even beyond its immediate sphere. 

R. E. Pbucbls. 


The Physical Principles of Wave Guide Transmission and Antenna 
Systems. By W. H. Watbon. [Pp. xiv 4- 207, with frontispiece 
and 95 figures, including 2 plates.] (Oxford : at the Clarendon 
Press, 1947. 20^. net.) 

Doting the past few yeeurs, the extensive use of wave guides in radar and 
radio equipment lias led to the development of a new mathematical technique 
for doling with problems associated with bonds, twists, slots and obstructions 
of various kinds in wave guides. Such problems become intolerably compli- 
cated when treated by classical methods and the new technique depends 
upon the simplifying limitation that, for practical reasons, it is usually 
desirable to choose the size and shape of a wave guide so that there is only 
one mode by wliich energy can be propagated. Professor Watson, who lioa 
himsolf made notable contributions to the subject, now gives us, for the first 
time, a connected account of these and other related matters, and his book 
will be warmly welcomed by all who are interested in this branch of radio 
engineering. 

Oliapter I introduces the necessary fundamental ideas and deals with 
the application of the concepts of impedance and admittance to plane waves 
in space. The use of matrices to deal with the resulting algebraic equations 
is also doscrilied. In Chapter II dominant wave propagation in a rectangular 
guide is presented, while the more general theory of wave guides is reserved 
for Chapter IV. Chapter III is devoted to a short account of the methods 
of making measurements on wave guides, but it is doubtful whether this 
brief summary will be very intelligible to anyone who is not already con- 
versant with the subject. Chapter V introduces the half-wave magnetic 
radiator and deals with Babinet’s Principle and the general methods for 
treating obstructions and antennas in reotaoigular guides. 

The next three chapters ate devoted to the theory of the resonant slot 
in a rectangular guide and to Various a^iplioations involving the use of such 
slots. These chapters contain a great deal of information which is liot 
available elsewhere and are of particular value. Various other devices aie 
discussed in Chapter IX, and Chapter X contains an account of Field 
Representation. 

Throughout the book emphaSiB is placed On physioal prinoililes imtber 
than on mathematical details, and praottoal applications are kept 
view. Although the book is not an easy one to read, the author has done 
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much to make a highly complicated subject intelligible to the physicist or 
eugineer whose interests are primarily of a practical nature. 

The book, which would be improved by the inclusion of a subject index^ 
is one of a series of International Monographs on Radio, under the general 
editorship of Sir Edward Appleton and Dr, H. G. Booker* 

C. W. O. 


CHEMISTRY 

Fundamentals o! Plastics. Edited by H. M. Richardson, B.S., and 
J. Watson Wilson, Ph.D. [Pp. viii + 483, with 199 figxires and 
00 tables.] (New York and London : McGraw-Hill Book Company, 
Inc., 1946. 269 , net.) 

This book is yet another vohime of a general character on the subject of 
plastics. It is stated to have been compiled from lectures given in U.S.A. 
during the war with the object of training personnel in plasties technology. 
It covers four aspects ; the relationship of chemical structure to physical 
properties, six main classes of plastics and high polymers (thermosetting, 
thermoplastic, rubl>er-liko, polyester and polyamide, cross-linkod polymers 
and silioonm), methods of manufacture of products, and evaluation, testing 
and quality control. 

Various authors have contributed, with the usual rasult that the chapters 
show great differences in style and pres<mtation, besides l>eing at times 
repetitive. From the general chemical standpoint, the chapters on vinyl 
rosins and rubber and synthetic elastomers are the most satisfying, although 
the section on phonolics is pleasingly up to date on the theoretical side. 
Manufacturing aspects occupy a large proportion of the book ; they are well 
done, but tend to stress comj>resaion moulding and its problems at the oxp)6nse 
of other methods of fabrication. The testing section, which is good, would 
be oven better if it incliide<l mort) refertmees to methods other than those 
established and used in U.S.A. 

The book suffers in attempting to describe too wide a field in one cover, 
so that the infonnation given tends to liave much more breadth tlian depth. 
It could be improved also by stricter editing to avoid overlap, to enlarge the 
index, to eliminate minor inaccuracies and a fair number of misprints, and 
to polish the style of writing in some places. Despite these blemishes much 
of value has been oolleoted together, and workers in the high polymer industry 
will wish to have the book on their shelves. Even if it contains little that 
has not appeared in print before, the book will serve as a work of general 
reference, besides indicating how the propess of plastics is viewed by U.S.A. 
workers. 

N. J. L.M. 

Tba MaDlumiam ol Contact Catalyaiis. By B. H. GEtrnTH, D.Phil. 
Second edition. [Pp. xii -f 273, with 97 figures.] (London : Oxford 
University Press, 1946, 21s. not.) 

Tas industrial utility of contact catalysis has resulted in the accumulation *of 
hiuch empirical knowledge about this subject. It is also unfortunately true 
that, in addition to the di^erenoes of inter^etation put upon the same results 
by <fffferent investigators, diflbrencee of ^tual observations seem to be 
move numerous in this field of cliemioal kinetios than in many others. For 
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this reason, an author who succeeds in piloting his reatiors through what is» 
at first sight, a mass of conflicting and confusing data, and nevertheless 
contrives to leave them with an understanding of the principkis which 
d©tt>rmine the mechanism of heterogeneous gas reactions, is to be congratu- 
lated. Dr. Griffith deserves high praise for the oonsidorablo suocess in this 
direction which he has achieved in the second edition of his well-known 
book. 

The author’s purpose has been to focus attention (»n the details of the 
changes taking place at the catalyst -gas interface rather than on the overall 
kinetics. Tliis aim has dictated an unusual order of presentation. Chapter I 
is concerned with the preparation, purification and mHivatiori of various 
types of catalyst, Chapter 11 with adsorption of gases on various potential 
or actual catalysts, Chapters III and IV with promoters. r'arTiers and poisons, 
and Chapters V and VI with the surface topography of tlie catalyst and the 
physical state of the layer of adsorbed reactant moUnjultiS. Only one chapter, 
(VII), is devoted to the consideration of certain well -investigated processes 
(notably hydrogenation reactions) ; and the book concludes with a dis- 
otission (Chapter VIII) of the principles now available to guide the selection 
of the most suitable contact catalyst for a particular reaction. 

It is perhaps to be regretted that an account of the transition state 
approach to heterogeneous reactions has been largely omittfxl, d<)spite the 
fact that during the decade bt^tween the publication of the two editions this 
approach, as demonstrated by Eyring and his collaborators, has inoroosed 
our insight into the mechanism of contact catalysis, to an extent almost 
comi^arable with the advance due to experimental studies of spin isomerisa- 
tion and isotopic exchange reactions. The reason for this otrusaion is probably 
to be found in the author’s statement that the main study is “ the catalyst, 
rather than the reactants.” The reviewer also feels that the author has 
handicapped himself imnecessarily by avoidance of the fundamental 
principles of adsorption ” (p. 36) because they have been studied by others. 
A short consideration of the potential enwgy clianges undergone on the 
approach of an adsorbate molecule to the adsorbont surface, in the manner 
sugge^ed by Eyring, would have assisted the reader’s unde?r«tanding of the 
relation between the various typos of adsorption, thojr different rates and 
heat changes, and the different modes of catalysis to which they give rise. 
Despite these criticisms, the book is one which oon be recommondod to students 
and industrial and research chemists with confidence and is a useful addition 
to the litorature. The type and format conform to the high standards which 
we have come to expect from the Oxford Press. 

F. S. DiXNTOH, 

• 

Advanoes to Carbohydrate Cbexniatry, Vol. 2. Edited by W. W. 
PxouAN, M. L. WouraoM and S. Pbat. [Pp. xiv -f 323, with frontis- 
piece and 17 figures.] (New York : Academic Press, Inc., 1946. 
36 c«| 42. net). 

It is alim^ evident that the Advamea will not only be read widely, but will 
be oompikit by eminent chemists firom all over the world. The authors of 
this volume, who hail from Canada (2), Great Britain (6) and France (1) iA 
addition to the United States (6) have, in general, maintained the high stands 
ard set in the first volume with a aeries of clear and comprehensive reviewi* 

It is regrettable that the recent death of Professor H. Hibbcrt has robbed 
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U8 of the anticifiation of more artioles of the same calibre oh his chapter 
(with Dr. T. H. Evans) on bacteriaJ polysaooharides. 

ProfortBor E. L. Hirst and Dr. J. K. N. Jones, like Dr. Emma J. McDonald, 
have critically surveyed the ovidonoo oonoemiiig thi3 chemical structure of 
certain plant polysacchai'ides. The former show how the pectins may be 
regarded as physical mixtures of peotio acid, araban and galaotan, wlule the 
latter deals with a luimbor of polyfruotoses, notably inulin. 

In his chapter on mucopolysaccharides and muooprotoins Professor M. 
Stacey has endeavoured to introduce some order into this oomplioatod field of 
study. He lias devised a system of classification which is based on the 
protoin-carbohydnite ratio, with subdivisions depending on the sugar- building 
units. Quito naturally, the stress throughout is laid upon the structure of 
the polysacclmrido components rather them the protein moieties. 

The first of the promised reviews with an industrial flavour refers to 
cellulose otiiers, which would seem to hold advemtogos over esters in the 
plastics field. Suggestions are made for modifying the methods of preparation 
so that the ethera may l:>e more readily available. 

Credit is due to Dr. S. Peat for providing the first adequate summeuy of 
the chemistry of anhydro-sugars. He lias painted a logical picture, in which 
a wealth of fact is luiitted together with interesting electronic intorprotations, 
clearly indicating tlio irni:)ortant rfiloa played by carboniura cations during 
the formation and scission of anliydro-rings. His colleague, Dr. F. Smith, 
has lucidly explained liow the enolisation and lactonisation of 2-keto and 
8-keto a<.nds Ifuwl to the production of analogues of ascorbic acid and has 
related the chemical structures of the products to their physiological activities. 

It is a pity that in one paper, concerning the synthesis of hexitols 
and pentitols, more space is allocated to experimental procedures than to 
theoretical considerations. The reviewer feels that this should not be so 
in a publication of this type. 

There are two other good articles by Professor C. S. Hudson, and Dr. H. J. 
Deuel with Dr. M. G. Morehouse, on “ Melezitose and Turonose ** and “ The 
Interrelation of CJarbobydrate and Fat Metabolism.*' 

E. J. Botnunn. 

Eaaentials of Petroleum : A Key to Oil Economioe. By P. H. 
FBANBinL, M.Inst.Pet., M.Inst.F. [Pp. xvi + 178*] (London : Chap- 
man A Hall, Ltd., 1946. 16e. net.) 

This little book opens up a new fidki in petroleum literature. Its general 
theme is the economics of the oil business in all its phases. As Dr. Egloff 
points out in his foreword, it embodies a rather new and unusual treatment 
of a good deal of contentious and oontroveiBial subject matter in connection 
with petroleum*" It is a provocative book and therefore is more than 
ISkdy to arouse the interest not only of oil^men in porttoular but of economists 
in general. Fortunately the author has had the opportunity of stud3dng 
the day-by-day working of the industry in many countries and, specially, 
on both sides of the Atlantic, ami so he speaks with no little authority. He 
diiretls on the unique fact that petroleum is a liquid and that therefore special 
problems arise in dealing with it — problems of storage and transport, of pipe- 
lines and of tankers— the latter perhaps to be regarded as a " floating pipe- 
line." 

The book is divided into five seotbiis: — Oil and Public Opinion, Eco- 
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nomicsof a Liquid, Frio© Structure, The Shape of the Industry, and Policies 
for the Industry. Two appendices deal with Transport, Cost and the Price 
of Motor Spirit, and the Economics of Tanker Shipments. 

The author’s views on the control of the industry by a few major groups 
and the inteniational aspect of such control are of considerable interest. 

The book is well documented and is provided with a useful bibliography 
and ample notes and references. 

Altogether Dr. Frankel covers much new ground and his work is sm 
jrenerw. 

A. E. Dunstan. 


BIOLOGY AND MEDICINE 

Insect Microbiology. By Edward A. Steinhatjs. [Pp. xiv f 763, 
with 250 figures.] (Ithaca, New York : Comstock Publishing Co., 
Inc. ; London : Constable & Co., Ltd., 1946. 45«. net.) 

As the first comprehensive survey of the varied relations existing between 
insects and micro-orgfuiisms this book will bo warmly weloom«)d. Ever 
since 1893, when the cattle tick was found by Smith and Kil bourne to be the 
invertebrate host of the Babesia parasito responsible for Texas cattle fever, 
the r61e of arthropods in transmittuig disoase-carrying organisms to verte- 
brates has been the central theme of a series of brilliant advances in medical 
science. Nevertheless, the urgent development of this subject lias in some 
respects taken place at the expense of our understanding of insect diseases 
and of the relations between insects and non-pathogenio organisms, inter- 
esting and fundamental though these may be. On© consequence is that, 
whereas there are a number of excellent text -books of medical and veterinary 
entomology, there are very few which treat the sjrmbiotic relations of insects 
and micro-organisms and none at all on insect microbiology as a whole. 
This book is, therefore, something more than on able exposition of known 
facts, a successful stocktaking ; it represents in fact a readjustment of per- 
spective within a field which has naturally tended to become increasingly 
centred about man and his welfare. The proportions of the book, deriving 
from this wider viewpoint, can be judged from the following random examples. 
Eleven pages are devoted to the riokettsia of epidemic typhus, six to the 
mycetomes of the suok^ lice ; the agents of silkworm jaundice and the 
y^low fever virus are eiKsh assigned four pages ; the transmission of plague 
bacilli is described in five pages, that of BaoiUus popiUim, deadly to the 
Japanese beetle, in two, and so on. 

The opening chapter on extracelluleur bacteria describes assooiations 
ranging from the adventitious to the harmonious relations established by 
insects with bacterial crypts. The second conteuns on aimotated catalogue 
of specific bacteria associated with insects. There follow three oha|iterti 
dealing respectively with intracellular bacterium- and rickettsia-like sym- 
bionts, with the organisms associated with insects, ticks and mites that have 
been definitely assigned to the rickettsias, and with the oi:tra- and intra- 
celli^r yeasts. The arrangement of these sections presents special diffi- 
culties, for only too often the nature of a particular micro-organism is un- 
known. The amount of overlapping has been reduced to a minimum by 
relegating most of these relationships to the chapter on intraoefiular sym- 
bionts and by arranging the material according to the arthropod host* Poaf- 
tioular attention is given hero to the biologimd mkMomihips^ m 
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functionii of the symbionte, their mode of tramuniBsion and the adaptations 
displayed by the host for their reception. Later chapters are oonoemed with 
the fungi, ranging from those forms pathogenic to insoots to the fungus 
gardens cultivated by the ambrosia beetles ; with the virus associations, 
including the wilts and polyhedral diseases of insects as well as the transmission 
of plant viruses ; with the spirochaates ; and lastly with the protozoa. A 
special chapter is rtjserved for the imique relations of termites with their 
hagellate fauna. 

This bare recital of the contents will convey the scope of this work. 
As Professor Steinhaus remarks in his Introduction, insect microbiology, 
besides entomology, embraces the sciences of bacteriology, protozoology, 
mycology, patiiology and immunology. Small wonder perhaps tliat in the 
past few have been tempted to paint so broad a canvas ! For this very 
reason, nevertheless, the present vohwno wdl earn the thanks of the teacher, 
the advanced student and the research worker. It remains to add that the 
bibliography, which extends to over 1600 references, covers much literature 
published in inaocessible journals. The book is finely produced and the 
250 illustrations include a number of excellent original photograptis of 
micro-organisms. 

A. D. L. 

Bovine Mastitis. A Sjnmposium. Edited by R. B. Lrm,K, V.M.D., and 
W. N. Plastbidge, Ph.D. [Pp. xii 546 with 70 figures.] (New 
York and London : McGraw-Hill Book Co., Inc., 1946. 35«. not.) 

The magnitude of the dairy industry and the ravages infi^ictod on it by disease 
makes the appearance of this book, written by experts in their various fields, 
particularly valuable. The chapters on the Anatomy of the Ud<lor by M. A. 
Emmorson, and that on the Physiology of Milk Secretion by C. W. Turner, 
which give up-to-date infonuation on the structure of the udder, the effect 
of mtornal secretioiLs on the growth of the udder and the letting-down of milk, 
should be useful to dairy students. A woll-illustratod chapter on Pathology 
by L. B. Sholl, and one on the scriological classification of the mastitis strepto- 
cocci by A. W. Stableforth, are of special interest to the laboratory worker, 
while the veterinarian should find much useful information in the chapters on 
Diagnosis, Transmission, Eradication and Treatment. The daity farmer will 
also find much of interest in the chapters on Environmental Factors and 
Stable Hygiene. While work on treatment with sulphanllamide and penicillin 
is discussed, it is stressed that prevention is the real answer to bovine mastitis. 
The standard of the book is guaranteed by the fact tliat the senior author is 
on the staff of the Bookefeller Institute for Medical Research at Princeton, 
New Jersey. The book contains an extensive list of references to original 
papers, scattered over a wide range of publications, and should form a good 
focal point for research workers and others wishing to Obtain an over-all picture 
Of 1^e dioease. 

J. H. 

Fonotional Anatomy of the Mammal. By W. James Lbaoh. [Pp. 
viU 4*231, with 96 figures.] (New York and London: McGraw- 
Hill Bock Oo., Inc., 1946. I2s. 6d. net.) 

Theiuo am many students such as nurses and physiotherapists whoso curricu- 
lum, demands some knowledge of human anatomy* They seldom have an 
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opportunity to disaoct tho human botly or see propsred disat^tiona, and most 
of their knowledge is gained from text-books, and their pictures and dia- 
grams, and Jocturos. There are, however, Hufficient structuml suniiaritieB 
between, for oxampb, the Oat and Mmi to justify disst^tion of the former as 
a guides to iho lat ter. Tliis book is an attomj>t to provide such a guide. 

Approacliing t)u? book from the point of view of a student learning anatomy 
for tho first time, it can bo said that, after using this book to help in dissecting 
tlie Cat, one's knowledge of the anatomy of Man would be frequently very 
confused. The autlior fails in many phioes to point out the main differences 
between the Cat and Man. For examj>lo, the distribution of the crimial 
neivm as described on pp. 193 and 194 is very misleading, if applied to Man. 
In tiddition, much of the information on Man is wrong or difficult to follow. 
This is especially obvious in the description of the movements at the shoulder 
joint. 

Tho author also likes to flidd a certain number of medical details in order, 
oiui pmstnnes, to stimulate the interest of the reader. This typo of book 
is not tlio correct place for such 8nipj>ets of information, especially if they 
are hictually in doubt. How many medical men would agree with what is 
givc?n as a possibU) cause of hernia in female childnni on p. 100 T 

Tlujre arc numerous diagrams tliroughout the book. Many are open to 
criticism boctuiso they are misleading and inaccurate. For example, p. 4, 
Fig 1.1, shows a htiman “ tensor fascia lata” (this should be “ tensor fosoia^ 
latic ”) arul “ biceps fe^moris ” which are quite wrong. Tlio ” blood vessel ” 
depicted on p. 27, Fig. 2.4, should point in the other direction. On p. 56, 
Fig. 2.24, tlio caption refers to “ P-P ” which cannot be found in tho diagram. 

Thei'o arc also many printing errors throughout the book, and some 
sentt^nct^ are badly written. Words Imve often more than one spellmg ; 
for exami)lo “ vermis ” of tho corobellum is elsewhere ” vermes ”, Although 
Dorland' 8 MetUad Dictionary is his source for tenninology and pronunciation, 
tho autht>r usually ignores the Latin or Greek basis for many of the terms 
used. For example, ” hallucis ” is always rt^farred to as ” hallicus ” ; terms 
such as “ punctiim lacrimalis ” and ” papilla lacrimale ” constantly appear ; 
” ostium tubfe ” appears twice as ” ostium tuba And yet it is not as if 
tho author wen? completely indifferent to Latin and Greek. The plural of 
” plexus ” IS always referred to as “plexi ”, which plural of course is quite 
wrong. 

It can bo said that a book of this type could serve a useful purpose, but 
this volume requires rewriting before it can be regarded as satisfactory. 

J. Jo3BPH. 

Biochemistry oi Cancer. By jBBai: P. Gbkbnstisin. fPp. viii 4- BBO, 
with 39 figures.] (New York ; Academic Press, Inc., 1947. 43s. net.) 

Dk. Greknstein is head biochemist at the United States National Institute 
for Oiincor Kesoarch and an authority on enscymes in cancer. His book, 
Biochemistry of Gamer, is in fact two books in one. For loss than half its 
length it consists of chapters on cancer -producing factors (138 pi^es) and 
nutrition, endocrinology and chemotherapy (in all, 85 pages). The greater 
part of tho book is neither more nor less than a monograph, larg^y the 
author’s own experimental work, on the enzyme oharaoteristios of tumours 
and on tho enzyme changes in human and animal tissues produced trhen a 
tunuiur is growing in the body. Strictly speaking, the author is justified 
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in calling this Jop-sidcd arrangement “ Biochemistry of Conoer/* since bio- 
chemistry has prodoniinattfxl in the enssynie and nutrition aspects, while the 
study of ooromogcns lias drawn rather more on organic chemistry, and 
endocrinology on ex [x^ri mental piithology. 

This is no humdrum reforonce book, but a vigonms exj>o8ition of what the 
author considers f3ssentLal in cancer reseandi. By comparison Bteni and 
Willhoiin’s Biocfiemiatry of Malignant Tumours (1943 edition) seems too 
sober ; tlit^m enzynu^a are given 55 out of 886 pages and 274 roforences from 
a total of 5000. 

After a prodigious display of onei^gy in tho atta^jk cm thc^ problems of the 
enzymes in cancer, (Ireenstein lias concluded that : 

1. Tho enzyme systems of tumours resemble each other more than they 
do those of normal tiHsues. 

2. There is more Uniformity between tumours than between normal 
tissues. 

3. “ Tho ac'tivity of each c^nzyme in tumours falls somewhere within the 
range of that enzyme in normal tissues, sometimes near tho upper end of the 
range, more oftc^n nc'ar tho lower end of tho range, but nev^er outside the normal 
range.” 

4. Malignant tissues, in comparison w^ith normal tissues and benign 
tumours, are characterised iiot only by possossing tho lowest concentration 
of cytochrome C but also by possessing the greatc*st disparity between the 
components of the oyt.ochromo oxidaae-cytfMjhrome C system.” 

5. “ Warburg’s early prophecy of a deficient respiratory mechanism in 
tumours has been sustained by the observation of very low amounts of the 
cytochrome system, of catalase, of tho flavin enzymes and of ooenuyme in 
these tissues.” 

6. The tissues of an animal bearing a tumour show some of the enzymic 
properties of the tiunours, t.e. tho whole animal is cancerous. 

Interesting as conclusion six may b(\ it would be moro acceptable if one 
allowed for tho qualifioation that tho tumour has to be at least 6 per cent, of 
the total weight of tht^ animal before tho enzyme eflects become obvious, and 
that other diseases besides oancor disturb the enzyme picture in the body. 

The amount of infonnation briefly surveyed in this work is enormous ; 
nearly a thousand roforences aro catalogued in the bibltographies. Green- 
stein’s method of reporting researches by using tables of data lifted bodily 
from tho most rtMsent and interesting publioations often imparts a certain 
vivid atmosphoro to Biochemistry of Gamer, Yet tho author's facility in 
beiiig able so expertly to cjompress full-length papers into summaries imposes 
(i9k strain on the recwler, for a diet so highly concentrated con bo comfortably 
digested only specialists who would probably prefer to prepare their own 
osffd indices for their particular branch of the subject. 

The short section beagled “The Possibility of Relatively Non-Specific 
Endogenic Oaroinogons,” apart from tho inelegance of its title, contains some 
severe criticisms, suggesting that the author is by no means in sympathy 
with the aims of workers in this field nor is ho familiar with their recent 
original papers. 

A somewhat gloomy passage allows that Greonstoin is evidently far from 
satisfied with tho pmgross of the search for the cause and cure : “ Somehow 
or somewhere there is looked' within the ohemioal pattern of the cancer cell 
the mechanism for autonomous growth. Were this pattern known, the 
beginning of a rational approach to the Bystemic control of the cancer cell 
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ooii]d be instituted. The goal would be to insinuate by subtle ohemioid 
means an inhibition of the master reactions responsible for unlinuted growth 
and, thus, to use a delicate rapier to master the cancer rather than the 
bludgeons bo far available or suggest-od. Thus far the efforts described in 
this chapter to find a unique metabolism for tumours are not yet definite 
and useful for this purpose. Until tins is accomplished the systemic ap- 
firoaches to the control of the cancer cell can have only an empirical quality.’* 
The author has not been able to avoid a few tautologies. There is nothing 
illuminating in a statement like — “ Neoplastic cells arise when, in some as 
yet unknown manner, the normal exercise of control has been disturbed ” ; 
or, “ The induction of tiunours is a function of exogenous and endogenous 
factors, as is, in a dependent jihaso, the growth and maintenance of an 
established tumour.” These passages should have been drastically pninod, 
for they could have been written twenty -five years ago, and are superfluous 
in a work bristling with “ hot news from the cancer front.” 

I. H. 
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The Anatomy of Lango Religion and Groups. By T. T. 8 . Hay* 
UH5Y, M.A. [Pp. xii + 207, with 13 plates and 2 folders.] (Oambridge: 
at the University Press, 1947. 21s. net.) 

Thk author, an economist by training, has been much impressed by the fact 
that a social group struggles hard to ensure its own continuation and blends 
emotional, economic and intellectual efforts in the attempt to project itself 
into the future. He here gives results of his experience and studies among 
the Lango more or loss in note form. For the Lango, Jok is a neutral im- 
manent power, neutral to mankind, but usable by n)on for good or ill. It 
is the unknown cause of anytliing unusual or mysterious. Winyo is luck or 
power within a num, and a slayer will take his victim’s headdress and hang 
it up to add the dead man’s ” power ” to his own and so cause himstilf to be 
feared. The diverse types of groups which coexist for different aspects of 
life are a most complex study, as they would be amongst ourselves, some 
based on relationship, some on age, some on neighbourhood and some on 
work. Hayley describes many ceremonies tliat aim at maintenance of the 
diverse groupings. He provides on the whole a valuable body of knowledge, 
with a steady attempt to avoid distortion by introduction of theory. Needless 
to say, the success in this last effort is partial, as it is in all efforts of the 
human intellect. There are numerous glimpses of changes brought about 
among the Lango by contact with missionaries and other influences from 
modem European life. 
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